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Amethod for curing an active single phase Water compatible 
actinic radiation curable composition, comprising: irradiat 
ing a Water compatible non emulsion, non dispersing com 
pound, Water, and a maleimide derivative. 
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WATER COMPATIBLE ENERGY CURABLE 
COMPOSITIONS CONTAINING MALEMIDE 

DERIVATIVES 

BACKGROUND OF INVENTION 

[0001] This application is a Divisional of US. patent 
application Ser. No. 09/831,688, entitled “Water Compatible 
Energy Curable Compositions Containing Maleimide 
Derivatives”, noW pending. 

[0002] Field of the Invention 

[0003] The present invention relates to active Water com 
patible energy curable compositions containing a maleimide 
derivative, useful for preparing various coatings, printing 
inks, surface ?nishes, moldings, laminated plates, adhesives, 
and binders. More speci?cally, the present invention relates 
to active Water compatible energy curable compositions, 
Which can be cured in the absence of a photoinitiator With an 
irradiation source of practical intensity and energy value. 

[0004] Description of Related Art 

[0005] An active energy curable composition polymeriZed 
under irradiation of active energy such as thermal energy, 
ultraviolet light, visible light, and the like, has an advantage 
of being rapidly cured. Active energy curable compositions 
are Widely used as paints, inks, adhesives, coatings, and the 
like. HoWever, conventional ultraviolet active energy cur 
able compositions cannot initiate polymeriZation alone upon 
irradiation With an energy source; it is therefore necessary to 
use a photoinitiator. When photoinitiators are used in large 
quantities, curing progresses rapidly, Which encourages the 
use of large quantities of photoinitiator. 

[0006] Photoinitator compounds having an aromatic ring 
are used in general because they effectively absorb ultra 
violet light. HoWever, these compounds cause problems 
such as the yelloWing of the cured materials upon addition 
of heater light. Moreover, loW molecular Weight energy 
curable monomers and oligomers, commonly used as pho 
toinitiators because of their solubility a property necessary 
to initiate photopolymeriZation effectively, unfortunately 
have high vapor pressures. Therefore, they tend to give off 
unpleasant odors at temperatures ranging from room tem 
perature to 150° C. Because infrared light, for eXample, is 
generated from an ultraviolet energy source, active energy 
curable compositions are heated substantially upon contact 
With such light sources. The heating problem is magni?ed 
When the ultraviolet light lamps are arranged and used in a 
side-by-side fashion. The unpleasant odors given off from 
the photoinitiator result in an unhealthy Working environ 
ment. 

[0007] Unreacted or decomposed photoinitiators remain 
behind in conventional energy curable compositions even 
after eXposure to irradiation by the active energy cure 
source. These unreacted or decomposed photoinitiators 
cause problems such as changing the color of the cured ?lm 
to yelloW, unpleasant odors, and the like, When the cured 
?lm is eXposed to heat or light. For eXample, When a 
material at high temperature, such as a thermal head, con 
tacts an active energy curable composition comprising pho 
toinitiator, strong unpleasant odors are given off. Finally, 
When these cured compositions are contacted by Water after 
irradiation; unreacted photoinitiator is exuded; therefore 
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causing the active energy curable composition to be unsuit 
able for food packaging applications. 

[0008] In solving some of these problems, the prior art 
presents many options. For instance, JP-A-58-89609 dis 
closes an energy curable resin comprising a polymer With 
polymeriZable unsaturated acrylic group and an organic 
solvent-soluble styrene containing an acrylic thermoplastic 
resin that does not need a photoinitiator. 

[0009] WO 89105827 teaches photopolymeriZable adhe 
sive compositions comprising a copolymer of methacrylate 
monomer and/or methyl acrylate and a photopolymeriZable 
monomer. These photocurable compositions, hoWever, can 
not be suf?ciently cross-linked by practical irradiation 
energy sources. 

[0010] US. Pat. No. 5,446,073 and Polymer Preprints, 
Vol. 37, No. 2, pp. 348-49,1996 disclose a photopolymer 
iZing method in Which maleimide type materials are miXed 
With vinyl ethers and acrylates to produce a tough ?lm. The 
polymeriZation mechanism involves a charge-transfer com 
pleX, Which is formed by an electron acceptor and an 
electron donor. HoWever, many of the maleimides are solid 
and are hardly dissolved in acrylates. 

[0011] Polymer Lefters, Vol. 6, pp. 883-88, 1968 reports 
that maleimide derivatives can be polymeriZed in the 
absence of photoinitiators under irradiation by ultraviolet 
light. Japanese Patent Applications JP-A-61-250064, JP-A 
62-64813, and JP-A-62-79243 teach energy curable com 
positions comprising maleimide derivatives such as alkyl 
maleimides and arylmaleimides. HoWever, these maleimide 
derivatives shoW loW photoinitiator properties, therefore 
making it necessary to use substantial amounts of photoini 
tiator in the maleimide compositions. 

[0012] US. Pat. No. 3,920,618 and Japanese Patent appli 
cations JP-A-50-123138 and JP-A51-47940 disclose photo 
polymeriZable polymers having an ot-aryl substituted male 
imide group at a side chain. It is Well knoWn that these 
pendant type maleimides can be crosslinkable by ultraviolet 
irradiation (i.e. 2+2 photocycloaddition reaction). US. Pat. 
No. 4,079,041 and Europe Patent 21019 teach polymers 
having side chain type maleimide groups With alkyl sub 
stituents. HoWever, these pendant type maleimides cannot 
be used to form linear polymers by photopolymeriZation. 
Therefore they are most commonly used to prepare negative 
printing plates. In addition, the photocross-linking dimer 
iZation reaction takes a rather long time (several tens sec 
onds to several minutes) even With an eXcess amount of 
irradiation energy. 

[0013] Polymer Materials Science and Engineering, Vol. 
72, pp. 470-72, 1995 and Proceedings of RadTech Europe 
95, pp. 34-56, 2995 disclose photocurable compositions 
comprising maleimide derivatives as electron acceptors and 
vinyl ethers as electron donors. The photopolymeriZable 
compositions 1,4-bis (vinyloXymethyl) cycloheXane and 
N-cycloheXylamalemide or 4-hydroXybutyl vinyl ether and 
N-(hydroXyalkyl) maleimide, illustrated in these documents 
are polymeriZed upon ultra violet irradiation in the absence 
of a photoinitiator. HoWever, hardening of the coated ?lms 
does not occur; ie the coated ?lms maintain liquid states 
after ultraviolet irradiation. 
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[0014] WO 98107759 describes energy curable composi 
tions Wherein Water-soluble maleimides are copolymeriZed 
With acrylates in the absence of Water to produce a cured 
?lm. 

[0015] The polymerizing methods described above share 
numerous problems, Which can be summariZed as the need 
for high irradiation intensity to cure suf?ciently; the male 
imide derivatives being solid at ambient temperature Which 
does not suggest Whether they are or can be homo-polymer 
iZed upon irradiation in the absence of a photoinitiator; 
dif?culty in obtaining cured coating With practical properties 
and given the Wide range of curable composition disclosed; 
the need for higher irradiation energy than practical for 
cross-linking (photodimeriZation). HoWever, none of these 
references describe active energy curable compositions con 
taining Water or energy curable compositions that are Water 
compatible. 
[0016] It is an object of the present invention to provide 
active Water compatible energy curable compositions Which 
do not contain photoinitiator, cause unpleasant odors upon 
curing or cause yelloWing, or exude materials from the cured 
?lm upon contact With Water or solvent. Another object of 
the present invention is to provide an active Water compat 
ible energy curable composition Which be photopolymeriZed 
by an energy source of practical intensity and energy value 
and results in coatings that exhibit cure rates, gloss, hardness 
and solvent resistance values comparable to these of con 
ventional energy cure systems employing photoinitiators. 

SUMMARY OF THE INVENTION 

[0017] The present invention is an active Water curable 
energy curable composition comprising a Water compatible 
compound, Water and a maleimide derivative represented by 
the Formula (1): 

(1): 

n m 

[0018] Wherein n and m each independently represent 
an integer of 1 to 5, and the sum of m and n is 6 or 

smaller; 

[0019] R11 and R12 each independently represent a 
linking group selected from the group consisting of 
a straight or branched chain alkylene group, an 
alicyclic group, an arylalkylene group, and a 
cycloalkylalkyene group. The arylalkylene group 
and the cycloalkyl alkylene group may have an aryl 
or cycloalkyl group as a main chain or a branched 

chain, respectively; 

[0020] G1 and G2 each independently represent ester 
linkage represent by —COO— or —OCO— and; 

[0021] R2 represents a linking chain having an aver 
age molecular Weight of 100 to 100,000 selected 
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from the group consisting of (poly)ether and (poly) 
ester linking chains, in Which at least one group 
consists of a group or groups selected from a straight 
or branched chain alkylene group, an alkylene group 
having a hydroxyl group, an alicyclic group, an aryl 
group, and an arylalkylene group; and connected via 
at least one linkage selected from the group consist 
ing of an ether and ester linkage. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The active Water curable energy curable composi 
tions of the present invention contain a maleimide derivative 
of Formula 1 mentioned above. As for variables R11 and R12 
of Formula 1, examples R11 and R12 suitable for use in the 
present invention include straight alkylene groups such as 
methylene group, ethylene group, trimethylene group, tet 
ramethylene group, pentamethylene group, hexamethylene 
group, heptamethylene group, octamethylene group, non 
amethylene group, decamethylene group, undecamethylene 
group, dodecametheyine group, and the like; alkylene 
groups having a branched alkyl group such as 1-methyleth 
ylene group, 1-methyl-trimethylene group, 2-methyl-trim 
ethylene group, l-methyl-tetramethylene group, 2-methyl 
tetramethylene group, l-methyl-pentamethylene group, 
2-methyl-pentamethylene group, 3-methyl-pentamethylene 
group, neopentyl group, and the like; alicyclic groups such 
as cyclopentylene group, cyclohexylene group and the like; 
arylalkylene groups having an aryl group at a main chain or 
a side chain such as benZylene group, 2,2-diphenyl-trimeth 
ylene group, 1-phenyl-ethylene group, 1-phehyl-tetraethyl 
ene group, 2-phenyl-tetraethylene group, and the like; 
cycloalkyl-alkylene group having an alicyclic group at a 
main chain or a side chain such as cyclohexyl-methylene 
group, l-cyclohexyl-ethylene group, 1-cyclohexyl-tetraeth 
ylene group, 2-cyclohexyl-tetraethylene group, and the like. 
HoWever, there are no particular limitations placed on these 
groups. When the average molecular Weight of R2, as a 
(poly)ether or (poly)ester linking chain is less than 100, 
curing properties of the maleimide thereof are Worse. Even 
if the compositions are cured, the [gel fraction] of the energy 
cured composition tends to be loWer. 

[0023] The gel fraction is the percentage of material 
remaining after a cured ?lm has been re?uxed, for example, 
in methyl ethyl ketone for 3 hours at 80° C., then dried at 
100° C. for one hour. A cured maleimide derivative or 
composition, Which has a 99.8% gel fraction, indicates that 
only 0.2% of the matrix Was solubiliZed by the above re?ux 
conditions. (i.e. a high degree of conversion). 

[0024] The percentage conversion is de?ned as the ration 
of functional groups to a crosslinked matrix monitored by 
the disappearance of and IR absorption band during the 
course of 20 irradiation. This real time IR measurement 
alloWs one to quantify percent conversion and provides 
insight into the reactivity the composition during irradiation. 

BRIEF OF DESCRIPTION OF THE DRAWINGS 

[0025] FIGS. 1 and 2 shoW a plot of the percent conver 
sion of maleimide to polymeriZed maleimide material over 
time as measured by real time infra red analysis. 

[0026] As mentioned above, as the molecular Weight of R2 
decreases, the curing properties of the maleimide became 
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Worse. FIG. 1 shows a plot of real time IR data for a 
bismaleimide derivative (structure shown) Where R2 is poly 
tetramethyelene glycol. As the molecular Weight of the 
repeat unit (n) decreases (i.e. 4000 (curve 1); 3000 (curve 2); 
1000 (curve 3); 650 (curve 4); and 250 (curve 5)) the 
conversion rate becomes loWer. HoWever, Where the 
molecular Weight of R2 (curve 6) is less than 100, the real 
time IR data shoWs the rate of conversion to be sluggish. 
This supports employing maleimide derivatives Wherein R2 
(i.e. the poly(ether), poly(ester) linking chain) is greater than 
100, since a loWer values yield poorer conversion rates. 

[0027] FIG. 2 shoWs a plot of real time IR data for a 
bismaleimide derivative (structure shoWn) Where R2 is poly 
ethylene glycol. As the molecular Weight of the repeat unit 
(n) decreases (i.e. 1000 (curve 1); 600 (curve 2); 400 (curve 
3)-300 (curve 4)) the conversion rates becomes loWer. 
HoWever, Where the molecular Weight of R2 (curves 5 and 6) 
is less than 100, the real time IR data shoWs the rate of 
conversion to be sluggish. 

[0028] Therefore, the results from FIGS. 1 and 2 suggest 
that the average molecular Weight of R2 be more than 100. 
On the other hand, When the average molecular Weight of R2 
is more than 100,000, such as in the case of a polyol or a 
polyester, the raW material for the linking chains is solid in 
nature and shoWs poor solubility in common solvents at 
ambient temperature. Once obtained, these maleimide 
derivatives are virtually insoluble in common solvents, 
therefore, making it dif?cult to obtain a ?lm and cure it. 
Even if a cured coating ?lm is obtained, the surfaces of the 
coating shoWs unevenness. Therefore, it is not suitable that 
the average molecular Weight of R2 be more than 100,000. 
R2 may also be a linkage comprising an oligomer or a 
polymer containing the above described (poly) ether and 
(poly) ester groups as repeating unite. Examples of R2 
suitable for use in the present invention include (poly)ether 
or a (poly)ester linking chains having an average molecular 
Weight in a range of 100 to 100,000. 

[0029] Linking chains represented by R2 include: a (poly 
)ether (poly)ol residue group; a (poly)ester (poly)ol residue 
group; a (poly) carboxylate {(poly)ether (poly)ol} ester 
having a polycarboxylic acid residue group at a terminal 
end; a (poly)carboxylic acid residue group at a terminal end; 
a (poly) carboxylate {(poly)ester (poly) ol} ester having a 
polycarboxylic acid residue group at a terminal end; and 
(poly) epoxide forming the linking chains. 

[0030] Linking chains represented by a (poly)ether 
(poly)ol residue group have an average molecular Weight of 
100 to 100,000, and comprising a part in Which at least one 
group selected from the group consisting of a straight or 
branched chain C2-C24 alkylene group; a C3-C24 alicyclic 
group; and a C6-C24 aryl group, connected With an ether 
linking chain or a repeating unit thereof. Examples (poly) 
ether (poly)ol constructing linking chain include polyalky 
lene glycols such as polyethylene glycol, polypropylene 
glycol, polybutylene glycol, polytetramethylene glycol, and 
the like; modi?ed alkylene glycols in Which ethylene glycol, 
propanediol, propylene glycol, tetramethylene glycol, pen 
tamethylene glycol, hexanediol, neopentyl glycol, glycerin, 
trimethylolpropane, pentraeythritol, diglycerin ditrimethy 
lolpropane, dipentaerythritol and the like, are modi?ed by 
ethylene oxides, propylene oxides, butylenes oxides and 
tetrahydrofuran. Among these (poly) ether (poly)ols, modi 
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?ed alkylene glycols are preferable. In addition, examples of 
(poly)ether (poly)ol constructing the above linking chain 
include hydrocarbon polyols such as a copolymer of ethyl 
ene oxide and propylene oxide, a copolymer of propeylene 
glycol and tetrahydrofuran, a copolymer of ethylene glycol 
and tetrahydrofuran, polyisoprene glycol, hydrogenated 
polisoprene glycol, polybutadiene glycol, hydrogenated 
polybutadiene glycol, and the like; polyhydric alcohol com 
pounds such as polytetramethylene hexaglycerin ether 
(modi?ed hexaglycerin by tetrahydrofuran), and the like. 
HoWever, there are no particular limitations placed on these 
(poly)ether (poly)ols. 
[0031] Linking chains represented by a (poly)ester 
(poly)ol residue group have an average molecular Weight of 
100 to 100,000, and comprising a part in Which at least one 
group selected from the group consisting of a straight or 
branched chain C2-C24 alkylene group; a C3-C24 alicyclic 
group; and C6-C24 aryl group; connected With an ester 
linking chain or a repeating unit thereof. Examples of 
(poly)ester (poly)ol constructing the linking chain include 
(poly)alkylene glycols such as polyethylene glycol, polypro 
pylene glycol, polybutylene glycol, polytetramethylene gly 
col, ethylene glycol, propane diol, propylene glycol, tetram 
ethylene glycol, pentamethylene glycol, hexane diol, 
neopentyl glycol, glycerin, trimethylolpropane, pentaeryth 
rithol, diglycerin, ditrimethylolpropane, dipentaerythritol, 
diglyercin, ditrimethylolopropane, pentaerythritol, diglyer 
cin, ditrimethylolopropane, dipentaerythirtol, and the like 
Which are modi?ed by e-caprolactone, y-butrolactone, 
o-valerolactone, and methylvalerolactone; aliphatic polyes 
ter polyols Which are synthesiZed by esteri?cation of ali 
phatic dicarboxylic acids such as adipic acid, dimeric acid, 
and the like With polyols such as neopentyl glycol, methyl 
pentanediol, and the like; aromatic polyester polyols Which 
are synthesiZed by esteri?cation of aromatic dicarboxylic 
acids such as terephthalic acid, and the like With polyols 
such as neopentyl glycol, and the like; ester compounds 
obtained by esteri?cation of polyhydric alcohols such as 
polycarbonate polyol, acryl polyol, polytetramethylene 
hexaglyceryl ether (modi?ed hexglycerin by tetrahydrofu 
ran), and the like, With dicarboxylic acids such as fumaric 
acid, phthalic acid, isophthalic acid, itaconic acid, adipic 
acid, sebacic acid, maleic acid, and the like; compounds 
having polyol group such as monoglyceride obtained by 
transesteri?cation of polyhydric alcohols such as glycerin 
With animal and plant fatty acid esters; and the like. HoW 
ever, there are no particular limitations placed on these 
(poly) ester (poly)ols. Linking chains represented by a 
(poly)carboxylate {(poly)ether (poly)ol} ester having a 
polycarboxylic acid residue group at a terminal end, 
obtained by esteri?cation of (poly)ether (poly)ol With C2-C6 
carboxylic acid (the term of “C2-C6 carboxylic” is abbrevi 
ated as a polycarboxylic acid hereinafter), Which have an 
average molecular Weight of 100 to 100,000, and comprising 
a part in Which at least one group selected from the group 
consisting of a straight or branched chain C2-C24 alkylene 
group; a C3-C24 alicyclic group; and a CG-C24 aryl group; 
connected With an ether linking chin or a repeating unit 
comprising the parts. Examples of (poly) carboxylate 
{(poly)ester (poly)ol} ester having polycarboxylate acid at a 
terminal, Which forms the linking chain include (poly)car 
boxylate {(poly)ether (poly)ol} esters having polycarboxy 
lic acid at a terminal end Which are obtained by esteri?cation 
of polycarboxylic acids such as succinic acid, adipic acid, 
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phthalic acid, hexhydrophthalic acid, tetrahydrophthalic 
acid, fumaric acid, isophthalic acid, itaconic acid, sebacic 
acid, maleic acid, trimellitic acid, pyomellitic acid, ben 
eZenepentacarboxylic acid, benZenehexacarboxylic acid, 
citric acid, tetrahydrofurantetracarboxylic acid, cyclohexan 
etricarboxlic acid, and the like With (poly)ether (poly)ols 
disclosed in the above, and the like. However, there are no 
particular limitations placed on these esters. 

[0032] Linking chains represented by a (poly) 
carboxylate{(poly)ester (poly)ol} ester having a polycar 
boxylic acid residue at the terminal end obtained by esteri 
?cation of (poly)ester (poly)ol and polycarboxylic acid 
Which have an average molecular Weight of 100 to 100,000, 
and comprising a part in Which at least one group selected 
from the group consisting of a straight or branched chain 
CZ-C24 alkylene group; a C3-C24 alicyclic group; and a 
C6-C24 aryl group; connected With an ether and an ester 
linking chains, or a repeating unit comprising the parts. 
Examples of (poly)carboxylate {(poly) ester (poly)ol} ester 
having polycarboxylic acid at a terminal, Which forms the 
linking chain include (poly)carboxylate {(poly)ester 
(poly)ol} ester having polycarboxylic acid at a terminal end 
Which is obtained by esteri?cation of polycarboxylic acids 
such as succinic acid, adipic acid, phthalic acid, hexahydro 
phthalic acid, tetrahydrophthalic acid, fumaric acid, isoph 
thalic acid, itaconic acid, sebacic acid, maleic acid, trimel 
litic acid, pyromellitic acid, beneZenepentacarboxylic acid, 
benZenehexacarbonoxylic acid, citric acid, tetrahydrofuran 
tetracarboxylic acid, cyclohexanetricarboxylic acid, and the 
like With (poly) ester (poly)ols disclosed in the above, and 
the like. HoWever there are no particular limitations placed 
on these esters. 

[0033] Linking chains obtained by ring-open reaction of 
polyespoxides having an average molecular Weight of 100 to 
100,000, and comprising a part in Which at least one group 
selected from the group consisting of a straight or branched 
chain C2-C24 alkylene group; a CJL-C14 alicyclic group; and 
C1-C24 aryl group; connected With an ether linking chain, or 
a repeating unit comprising the parts, and the like. HoWever, 
there are no particular limitations placed on these linking 
chains. Examples of (poly) epoxide forming the linking 
chain include epichlorohydrin-modi?ed bisphenol type 
epoxy resin synthesiZed by the reaction of (methyl) epi 
cholorohydrin With bisphenol A, bisphenol F, modi?ed 
ethylene oxide thereof, modi?ed propylene oxide thereof; 
epichlorohydrin-modi?ed hydrogenated bisphenol type 
epoxy resin synthesiZed by the reaction of (methyl) epichlo 
rohydrin With hydrogenated bisphenol A and hydrogenated 
bisphenol F, and by the reaction of ethylene oxide-modi?ed 
or propylene oxide modi?ed hydrogenated bisphenol A and 
bisphenol F; epoxy novolak resin; compounds obtained 
from the reaction of phenol, bisphenol, and the like With 
(methyl) epichlorohydrin; aromatic epoxy resin such as 
glycidyl ester of terephthalic acid, isophthalic acid, pyrom 
ellitic acid, and the like; polyglycidyl ethers synthesiZed 
from glycols such as (poly)ethylene glycol, (poly)propylene 
glycol, (poly)butylene glycol, (poly)tetramethylene glycol, 
neopentyl glycol, and from alkylene oxide-modi?ed glycols 
thereof; polyglycidyl ethers synthesiZed from aliphatic poly 
hydric alcohols such as trimethylol propane, trimethylol 
ethane, glycerin, diglycerin, erythritol, pentaerythritol, sor 
bitol, 1,4-butane diol, 1,6-hexane diol, and the like, and from 
alkylene oxide-modi?ed aliphatic polyhydric alcohols 
thereof; glycidyl esters synthesiZed from adipic acid, sebacic 
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acid, maleic acid, itaconic acid, and the like; glycidyl ether 
of polyester polyol synthesiZed from polyhydric alcohol 
With polycarboxylic acid; copolymers such as glycidyl 
(meth)acrylate and methylglycidyl (meth)acrylate; aliphatic 
epoxy resin such as glycidyl ester of higher fatty acid, 
epoxidiZed linseed oil, epoxidiZed soybean oil, epoxidiZed 
castor oil, epoxidiZed polybutadiene; and the like. HoWever, 
there are no particular limitations paced on these (poly) 
epoxides. 

[0034] Among the linking chains R2 represents, preferred 
are (poly) ether and (poly) ester linking chains having an 
average molecular Weight of 100 to 100,000 and comprising 
a repeating unit containing a C2-C24 straight chain or 
branched alkylene, a C2-C24 alkylene group having a 
hydroxyl group, and/or a CG-C24 aryl group. 

[0035] The maleimide derivatives represented by Formula 
(1) used for an active energy curable composition of the 
present invention can be synthesiZed by Well knoWn tech 
niques from the reaction of, for example, a maleimide 
compound having a carboxyl group With a compound 
reactable With the carboxyl groups or from the reaction of 
maleimide compound having a hydroxyl group With a com 
pound having a carboxyl group. 

[0036] A maleimide compound having a carboxyl group 
can be synthesiZed by Well knoWn techniques from the 
reaction of maleic anhydride With a primary amino carboxy 
lic acid, represented by the folloWing reaction formula. (for 
example, see D. H. Rich, et al., Journal of Medical Chem 
istry, Vol. 18, pp. 1004-10, 1975). 

o 

O + H2N— R1 1- COOH —> 

o 
o 

[0037] Examples of a primary amino carboxylic acid 
suitable for use in such synthesis includes asparagine, ala 
nine, [3-alanine, arginine, isoleucine, glycine, glutamine, 
tryptophan, threonine, valine, phenylalanine, homophenyla 
lanine, ot-methyl-phenylalanine, lysine, leucine, cycloleu 
cine, 3-aminoproprionic acid, ot-aminobuytric acid, 4-ami 
nobutyric acid, aminovalieric acid, 6-aminocaproic acid, 
7-aminoheptanoic acid, 2-aminocarprylic acid, 3-aminoca 
prylic acid, 6-aminocaprylic acid, 8-aminocaprylic acid, 
2-aminonoanoic acid, 4-aminonoanoic acid, 9-ami 
nonoanoic acid, 2-aminocapric acid, 9-aminocapric acid, 
10-aminocapric acid, 2-aminocapric acid, 9-aminocapric 
acid, 10-aminocapric acid, 2-aminoundecanoic acid, 
10-aminoundecanoic acid, 11-aminoundecanoice acid, 
2-aminolauric acid, 11-aminolauric acid, 12-aminolauric 
acid, 2-aminotridecanoic acid, 13-aminotridecanoic acid, 
2-amino myristic acid, 14-amino myristic acid, 2-aminopen 
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tadecanoic acid, 15-aminopentadecanoic acid, 2-amino 
palmitic acid, 16 aminotpalmitic acid, 2-aminoheptade 
canonic acid, 17-aminoheptadecanoic acid, 2-aminostearic 
acid, 18-aminostearic acid, 2-aminoeicosancoic acid, 
20-aminoesicosanoic acid, aminocyclohexanecarboxylic 
acid, aminomethylcyclhexane-carboxylic acid, 2-amino 
3propionic acid, 3-amino-3phenylpropionic acid, and the 
like. However, there are no particular limitations placed on 
these primary amino carboxylic acids as virtually any pri 
mary amino carboxylic acid can be used. In addition, 
pyrrolidone, lactams such as o-valerolactam, e-carpolactam, 
and the like can also be used. 

[0038] Examples of compounds reactive With the carboxyl 
groups include polyols or polyespoxides having 2 to 6 
functional groups and an average molecular Weight of 100 to 
100,000 comprising a part or a repeating unit in Which at 
least one linking group selected from the group consisting of 
a straight chain alkylene group, a branched alkylene group, 
and alicyclic group and an aryl group is linked With an ether 
bond and/or an ester bond. 

[0039] There are no particular limitations placed on the 
reaction betWeen maleimide compounds having a carboxyl 
group and polyols one of the compound reactive With the 
carboxyl groups. Moreover, maleimide derivatives repre 
sented by Formula (1) can be synthesiZed in a Well-knoWn 
manner disclosed in Organic Synthesis Collective Volume 
(C. E. Rehberg, et al., Vol. 3, pp. 46, 1955). It is preferable, 
hoWever, that the reaction be carried out under ambient or 
reduced pressure, and a temperature ranging from room 
temperature to 1500 C., While dehydrating and using a 
catalyst. Examples of the catalyst include acid catalysts such 
as sulfuric acid, phosphoric acid, methanesulfonic acid, 
benZenesulfonic acid, p-toulensesulfonic acid, strong acidic 
cation-exchange resin and the like. The amount of catalyst 
used should be Within a range of 0.01 to 10 Wt. % based on 
the total Weight of raW materials. Moreover, an aZeotropic 
organic solvent With Water is also used as a solvent in the 
reaction. Examples of the aZeotropic organic solvent With 
Water include toluene, benZene, butyl acetate, ethyl acetate, 
diisopropyl ether, dibutyl ether, and the like. 

[0040] There are no particular limitations placed on the 
reaction of the maleimide compounds having a carboxyl 
group With polyepoxides, Which are one of the reactive 
compounds With the carboxyl groups. In addition, maleim 
ide derivatives represented by Formula (1) can be synthe 
siZed in a Well-knoWn manner disclosed in Japanese Patent 
Application JP-A4-228529. It is preferable, hoWever, that 
the reaction be carried out at a temperature in a range of 
room temperature to 150° C., using a catalyst. Examples of 
the catalyst include imidaZoles such as 2-methylmidaZole 
and the like; quaternary ammonium salts such as tetramethyl 
ammonium chloride, trimethylbenZyl ammonium chloride, 
tetramethyl ammonium bromide and the like; amines such as 
trimethylamine, triethylamine, benZylmethylamine, tributy 
lamine, and the like; phosphines such as triphenylphoshine, 
tricyclohexylphosphine, and the like; laurates such as dibu 
tylin laureate, and the like; basic alkali metal salts such as 
potassium acetate, potassium tertiary phosphate, sodium 
acrylate sodium methacrylate and the like; alkali alcoholates 
such as sodium methylate, potassium ethylate, and the like; 
anion exchange resins; and the like. The amount of catalyst 
should be Within a range of 10 to 10,000 ppm based on the 
total Weight of raW materials. 
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[0041] Moreover, an organic solvent, Which does not 
comprise a reactive hydrogen, may also be used as a solvent 
in the reaction. Examples of an organic solvent Which does 
not comprise a reactive hydrogen include aromatic hydro 
carbons such as toluene, ethylbenZene, tetralin, cumene, 
xylene and the like; ketone, cyclohexanone, and the like; 
esters such as formate, methyl acetate, ethyl acetate, n-butyl 
acetate, and the like. 

[0042] Examples of polyols used as a compound reactive 
With the carboxyl groups include, for example, polyalkylene 
glycols such as polyethylene glycol, polypropylene glycol, 
polybutylene glycol, polytetramethylene glycol, and the 
like; modi?ed alkylene glycols modi?ed of alkylene glycols 
such as ethylene glycol, propanediol, propylene glycol, 
butanediol, butylene glycol, hexanediol, neopentyl glycol, 
glycerin, trimethylolpropane, pentaerythritol, diglycerin, 
ditrimethylolpropane, dipentaerythritol, and the like by eth 
yleneoxide, propylene oxide, butyleneoxide, tetrahydrofu 
ran, e-caprolactone, y-butylolactone, o-valerolactone, and 
methylvalerolactone; aliphatic polyols such as a copolymer 
of ethylene oxide With propylene oxide, a copolymer of 
propyl ne glycol With tetrahydrofuran, a copolymer of 
ethylene glycol With tetrahydrofuran, polyisoperene glycol, 
hydrogenated polyisoprene glycol, polybutadiene glycol, 
hydrogenated polybutadiene glycol, and the like; aliphatic 
polyester polyols Which are the esteri?cation reaction prod 
ucts of aliphatic dicarboxylic acids such as adipic acid and 
dimeric acid With polyols such as neopentyl glycol and 
methylpentanediol, and the like; aromatic polyester polyols 
Which are the esteri?cation reaction products of aromatic 
dicarboxlic acids such as terephthalate With polyols such as 
neopentyl glycols; polycarbonate polyols; acrylpolyols; 
polyhydric alcohols such as polytetramethylenehexaglyc 
erin ether (tetrahydrofuran-modi?ed hexaglycerin); com 
pounds containing monohydroxyl group With polyhydroxy 
groups, and having an ether group at terminal ends of the 
polyhydric alcohols described above; compounds containing 
polyhydroxyl groups obtained by the esteri?cation reaction 
of the above polyhydric alcohols With dicarboxylic acids 
such as fumaric acid, phthalic acid, isophthalic acid, itaconic 
acid, adipic acid, sebacic acid, maleic acid, and the like; 
compounds containing polyhydroxyl groups obtained by the 
transesteri?cation reaction of compounds containing poly 
hydroxyl groups such as glycerin With ester of fatty acids of 
animals and plants. Any polyols maybe used if they contain 
2 to 6 hydroxyl groups in the molecule. 

[0043] Examples of polyepoxides used as the compound 
reactive With the carboxyl groups include, for example, 
bisphenol type epoxy resins modi?ed by epichlorohydrin, 
Which are synthesiZed by (methyl)epichlorohydrin With 
bisphenol A, and bisphenol F, and their modi?ed compounds 
by ethyleneoxide, propyleneoxide, and the like; hydroge 
nated bisphenol type epoxy resins and epoxy Novolak® 
resins (Novolak is a Registered Trademark of Shell Com 
pany, Houston, Tex.) modi?ed by epichlorhydrin Which are 
synthesiZed by (methyl) epichlorhydrin Which are synthe 
siZed by (methyl) epichlorohydrin With hydrogenated 
bisphenol A, hydrogenated bisphenol F, and their modi?ed 
compounds by ethyleneoxide propyleneoxides, and the like; 
reaction products of (methyl) epichlorohydrin With phenol 
and biphenol; aromatic epoxy resins such as glycidi esters of 
terephthalic acid, isophthalicacid, and pyrrolitic acid; polyg 
lycidyl ethers of glycols such as (poly)ethylene glycol, 
(poly)propylene glycol, (poly)butylene glycol, (poly)tetram 
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ethylene glycol, and their alkyleneoxide-modi?ed products; 
glycidyl ethers modi?ed of aliphatic polyhydric alcohols 
such as trimethlolpropane, trimethylolethane, glycerin, dig 
lyercin, erythritol, pentaerythritol, sorbitol, 1 4-butanediol, 
1,6-hexanediol, and their alkyleneoxide-modi?ed com 
pounds; glycidyl esters of carboxylic acids such as adipic 
acid, sebacic acid, maleic acid, and itaconic acid; glycidyl 
ethers of polyester polyols prepared by polyhydric alcohols 
and polycarboxylic acids; copolymers of glycidyl (meth) 
acrylate and methylglycidyl (meth) acrylate; aliphatic epoxy 
resins such as glycidl esters of higher fatty acids, epoxidiZed 
linseed oil, epoxidiZed soybean oil, epoxidiZed castor oil, 
and epoxidiZed polybutadiene. 

[0044] The maleimide derivatives represented by Formula 
(1) used for an active energy curable composition of the 
present invention can also be synthesiZed by the reaction of 
a maleimide compound having a hydroxyl group With a 
compound having a carboxyl group. 

[0045] Moreover, a maleimide compound having a 
hydroxyl group can be synthesiZed by maleimide and form 
aldehyde, represented by the reaction: 

0 

NH + HCHO —> QN— CHZOH 
O 

[0046] or by a Well-knoWn technique using maleic anhy 
dride and a primary amino alcohol represented by the 
reaction: 

[0047] (for detailed synthesis example, see US. Pat. No. 
2,526,517 and Japanese Patent Application JP-A-2-268155). 

[0048] Examples of a primary amino alcohol include 
2-aminoethanol, 1-amino-2-propanol, 3-amino-1-propanol, 
2-amino-2-methyl-1-propanol, 0.2-amino-3-phenyl-1-pro 
panol, 4-amino-1-butanol, 2-amino-1-butanol, 2-amino-3 
methyl-1-butanol, 2-amino-4-methylthio-1butanol, 
2-amino-1-pentanol, 5-amino-1-pentanol, (1-aminocyclo 
pentane) methanol, 6-amino-1-hexanol, 2-amino-1-hexanol, 
7-amino-1-heptanol, 2-(2-aminoethoxy) ethanol, N-(2-ami 
noethyl) ethanol amine, 4-amino-1-piperaZne ethanol, 
2-amino-1-phenylethanol, 2-amino-3-phenyl-1-propanol, 
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1-aminomethyl-1-cyclohexanol, aminotrimethylcyclohex 
anol, and the like. HoWever, there are no particular limita 
tions placed on these primary amino alcohols. Any primary 
amino alcohol can be used. 

[0049] Examples of compounds reactive With the 
hydroxyl groups include polycarboxylic acid having ether 
bonds and/or ester bonds in one molecule, and an average 
molecular Weight of 100 to 100,00, and the comprising a part 
or a repeating unit in Which at least one linking group 
selected from the group consisting of a straight chain 
alkylene group, a branched alkylene group, an alicyclic 
group, and an aryl group; linked With an ether bond and/or 
an ester bond. 

[0050] There are no particular limitations placed on the 
reaction betWeen the maleimide compounds having a 
hydroxyl group and the compounds having a carboxyl 
group. In addition, maleimide derivatives represented by 
Formula (1) can be synthesiZed in a Well-knoWn manner 
disclosed in Organic Synthesis Collective Volume (C. E. 
Rehberg, et al., Vol. 3, pp. 46, 1955). It is preferable, 
hoWever, that the reaction be carried out under ambient or 
reduced pressure, at a temperature ranging from room tem 
perature to 150° C. While dehydrating and using a catalyst. 
Examples of the catalyst include acid catalysts such as 
sulfuric acid, phosphoric acid, methanesufonic acid, benZe 
nesulfonic acid, p-toluenesulfonic acid, strong acid cation 
exchange resin, and the like. The amount of catalyst should 
be Within a range of 0.01 to 10 Wt. % based on the total 
Weight of raW materials. 

[0051] In this case, as the solvent for the reaction, it is 
possible to use organic solvents, Which are aZeotropic With 
Water. Examples of such organic solvents are toluene, ben 
Zene, butyl acetate, ethyl acetate, diisopropryl ether, and 
dibutyl ether, and the like. 

[0052] In any cases of the above reactions, it is preferable 
to use a radical polymeriZation inhibitor in order to suppress 
the radical polymeriZation of maleimide groups. The radical 
polymeriZation inhibitors include, for example, phenol, 
derivatives such as hydroquinone, tert-butylhydroquinone, 
methoquinone, 2,4-dimethyl-6-tert-butylphenol, catecol, 
tert-butylcatecol, and the like; amines such as phenothiaZine, 
p-phenylenediamine, diphenylamine and the like; copper 
complexes such as copper-dimethyldithiocarbamate, cop 
per-diethyldithiocarbamate, copper-dibutyldithiocarbamate, 
and the like. These inhibitors may be used alone or in 
combinations of tWo or more. It is preferable to select an 

amount of the inhibitors Within a range of 10 to 10,000 ppm 
against total Weight of raW materials. 

[0053] Examples of polycarboxylic acids as the com 
pounds, having ether bonds and ester bonds, include, for 
example, but are not limited to, polycarboxylic acids 
obtained by esteri?cation or dicarboxylic acids such as 
fumaric acid, phthalic acid, isophthalic acid, itaconic acid, 
adipic acid, sebacic acid, maleic acid, succinic acid, hexahy 
drophthalic acid, tetrahydrophthalic acid, pyromellitic acid, 
and dicarboxylic acid described above With polyols 
described above, and represented by formula: 
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groups, Y‘ represent residual polyol groups, and n is 
an integer from 1 to 5. 

[0055] The maleimide derivatives represented by Formula 
(1) and used for the active energy curable composition of the 
present invention are obtained by aforementioned prepara 
tory methods, but are not limited to, the methods described 
herein. 

[0056] It is possible to add a compound, Which copoly 
meriZable With the maleimide groups to be used together in 
the active energy curable composition containing maleimide 
derivatives according to the present invention. Practical 
examples of the compounds, Which are copolymeriZable 
With the maleimide groups, are, for example, compounds 
having various unsaturated double bonds. Such compounds 
may include, for example, maleimide derivatives Which are 
not represented by the above Formula (1), (meth)acryoyl 
derivatives, (meth)acrylamide derivatives, vinyl ester 
derivatives, vinyl carboxylate derivatives, styrene deriva 
tives, and unsaturated polyesters. 

[0057] Examples of maleimide derivatives Which are not 
represented by Formula (1) include, for example, but are not 
limited to: 

[0058] monofunctional aliphatic maleimides such as 
N-methylmaleimide, N-ethylmalemide, N-propyli 
naleimide, N-nbutylmaleimide, N-tert-butylmaleim 
ide, N-pentylmaleimide, N-hexylmaleimide, N-lau 
rylmaleimide, 2-maleimideethyl-ethylcarbonate, 
2-maleimideethyl-isopropyl-carbonate, and N-ethyl 
(2-malemideethyl) carbamate; monofunctional ali 
cyclic maleimides such as N-cyclohexylmaleimide: 
aromatic monofunctional maleimides such as N-phe 
nylmaleimide, N-2methylphenylmaleimide, N-2 
ethylphenylmaleidmide, N-(2,6-diethylphenyl) 
maleimide, N-2-chlorophenylmaleimide, and N-(4 
hydroxyphenyl) maleimide; 

[0059] aliphatic bismaleimides such as N, N‘ meth 
ylenebismaleimide, N,N‘-ethylenebismaleimide, N, 
N‘ trimethylenebismaleimide, N,N‘-hexamethyl 
enebismaleimide, N,N‘-dodecamethylenebismaleim 
ide, polypropylene glycol-bis (3-maleimidepropyl) 
ether, tetraethylene glycol-bis (3-maleimidepropyl) 
ether, and bis(2-maleimideethyl) carbonate; 

[0060] alicyclic bismaleimides such as 1,4-dimaleim 
ide-cyclohexane and isophoronebisurethanebis 
(N-ethylmalemide); aromatic bismaleimides such as 
N,N‘-(4,4“-diphenyl-methane) bismaleimide, N,N‘ 
(4,4‘—diphenyloxy) bismaleimide, N, N‘—p-phe 
nylenebismaleimide, N,N‘—m-phenylenebismale 
imide, N,N‘-2,4-tolylenebismaleimide, N,N‘-2,6 
tolylenebismaleimide N,N‘-[4,4‘-bis(3,5 
dimethylphenyl) methane] bismaleimide, N,N‘-[4,4‘ 
bis(3,5-diethylphenyl) methane] bismaleimide; 

[0061] (poly)urethane (poly)maleimide derivatives 
obtained by urethanation reactions of hydroxymale 
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imides With various (poly)isocyanantes, such as a 
maleimide derivative obtained by a urethanation 
reaction of hydroxyethylmaleimide With triisocynate 
produced by a reaction betWeen 3 mole of isophor 
onediisocyanante and 1 mole of propyleneoxide 
modi??ed-glycerin; 

[0062] a maleimide derivative obtained by a uretha 
nation reaction of hydroxymethylmaleimide With 
diisocyanate produced by a reaction betWeen 2 moles 
of 2,4-toluenediisocyanante and 1 mole of polytet 
ramethyleneglycol; and 

[0063] compounds having acryloyoxyl groups or 
methacryloyoxy groups can be classi?ed into, but are 
not limited to, groups of (poly)ester (meth)acrylate; 
urethane (meth)acrylate; epoxy (meth)acrylate; 
(poly)ether (meth)acrylate; alkyl (meth) acrylate or 
alkylene (meth)acrylate; (meth) acrylate having an 
aromatic ring and; (meth)acrylate having an alicyclic 
group. 

[0064] Names in the above classi?cation are used as the 
general terms for respective compounds, Which can be used 
together in the active energy curable composition of the 
present invention. The (poly)ester (meth)acrylate generally 
designates (meth)acrylates having at least one ester bond in 
the main chain; urethane (meth)acrylate generally desig 
nates (meth)acrylates having at least one urethane bond in 
the main chain; the epoxy acrylate generally designates 
(meth)acrylates obtained by a reaction betWeen (meth 
)acrylic acid and epoxide With one and more than one 
functional group the (poly)ether (meth)acrylate generally 
designate (meth)acrylates having at least one ether bond in 
the main chain; the alkyl(meth)acrylates or alkylene (meth 
)acrylate generally designates (meth)acrylates comprising 
the main chain formed by a linear alkyl, a branched alkyl, a 
linear alkylene, or a branched alkylene, and side chains or 
terminal ends having halogen atoms and/or hydroxyl groups; 
(meth)acrylate having an aromatic ring generally designates 
(meth)acrylate having an aromatic ring at the main chain or 
the side chain; (meth)acrylate having an alicyclic group 
generally designates (meth)acrylates having, in the main 
chain or the side chain, alicyclic groups Which may include 
oxygen atoms or nitrogen atoms as the structural unit. 

[0065] Examples of the (poly)ester (meth)acrylates Which 
can be used together in the active energy curable composi 
tion of the present invention include, for example, but are 
not limited to, monofunctional (poly)ester (meth)acrylates 
such as alicyclic-modi?ed neopentylglycol (meth)acrylate, 
caprolactone-modi?ed 2-hydroxyethyl (meth)acrylate, eth 
yleneoxide-and/or propyleneoxide-modi?ed phthalate 
(meth)acrylate, ethyleneoxide-modi?ed succinate (meth 
)acrylate, caprolactone-modi?ed tetrahydrafurfuryl 
(meth)acrylate; pivalate-esterneopentylglycold 
i(meth)acrylate, caprolactone-modi?ed 
hydroxypivalateesterenepentylglucoldi(meth)acrylate, epi 
cholohydrine-modi?ed phthalated (meth)acrylate; mono-, di 
or triqmeth)acrylates of triol obtained by addition of more 
than 1 mole of cyclic lactones such as e-caprolactone, 
y-butylolactone, o-valerolactone or methylvalerolactone to 1 
mole of trimethylolpropane or glycerin; mono-, di-tri, or 
tetra-(meth)acrylates of triol obtained by addition of more 
than 1 mole of cyclic lactones such as e-caprolactone, 
y-butylolactone, y-valerolactone or methylvalerolactone to 1 



US 2004/0110859 A1 

mole of pentaerythritol or ditrimethylolopropane; mono- or 
poly-(meth)acrylates of polyhydric alcohols such as triol, 
tetraol, pentaol, or hexaol, obtained by addition of more than 
1 mole of cyclic lactones such as e-carpolactone, y-buty 
lolactone, y-valerolactone or methylvalerolactone to 1 mole 
of dipentaerythritol; (meth)acrylates of polyester polyols 
composed of diol components such as (poly)ethylene glycol, 
(poly)propylene glycol, (poly)tetramethylene glycol, (poly 
)butylene glycol, (poly)pentanediol, (poly)methylpen 
tanediol, and (poly)hexanediol, and polybasic acids such as 
maleic acid, fumaric acid, succinic acid, adipic acid, phthalic 
acid, hexahydrophthalic acid, tetrahydrophthalic acid, ita 
conic acid, citraconic acid, hettic acid, chlorendic acid, 
dimeric acid, alkenylsuccinic acid, sebacic acid, aZelaic 
acid, 2, 2, 4-trimethyladipic acid, 1,4-cyclohexanedicar 
boxylic acid, terephthalic acid, 2-sodium-sulfoterephthalic 
acid, 2-potassium sulfoterephthalic acid, isophthalic acid, 
S-sodium sulfoisophthalic acid, 5-potassium sul?osoph 
tahlic acid, orthophthalic acid, 4-sulfophthalic acid, 1,10 
decamethylenedicarboxylic acid, muconic acid, oxalic acid, 
malonic acid, gultaric acid, trimellitic acid, pyromellitic 
acid; and polyfunctional (poly)ester (meth)acrylates com 
posed of the above diol components, polybasic acids, and 
cyclic lactone-modi?ed polyesterdiols such as e-carpolac 
tone, y-butylolactone, y-valerolactone or methylvalerolac 
tone. 

[0066] The urethane (meth)acrylate Which can be used 
together in the active energy curable composition of the 
present invention is a general term representing (meth)acry 
lates obtained by a reaction betWeen hydroxy compounds 
having at least one acryloyloxy group and isocyanante 
compounds. The urethane (meth)acrylate may also be 
selected from Water dilutable aliphatic acrylate or aromatic 
urethanes. 

[0067] Examples of hydroxy compounds having at least 
one acryloyoxy group include, for example, 2-hydroxyethyl 
(meth) acrylate, 2-hydroxypropyl (meth) acrylate, 2-hy 
droxybutyl(meth)acrylate, 3-hydroxybutyl (meth)acrylate, 
4-hydroxybutyl (meth)acrylate, cyclohexanedimethanol 
mono(meth)acrylate, polyethylene glycol(meth)acrylate, 
polypropylene glycol(meth) acrylate, trimethylolpro 
panedi(meth)acrylate, trimethylolethanedi(meth)acrylate, 
pentaerythritoltri(meth) acrylate or an adduct of (methacry 
late With glycidyl(meth)acrylate, (meth)acrylate compounds 
having hydroxyl groups such as 2-hydroxy-3-phenopropyl 
(meth) acrylate, and ring opening reaction products of the 
above acrylate compounds having hydroxyl group With as 
e-caprolactone. 

[0068] Examples of isocyanate compounds include, for 
example, aromatic diisocyanates such as p-phenylenediiso 
cyanate, m-phenylenediisocyanate, p-xylenediisocyanante, 
m-xylenediisocyanate, 2,4-toluenediisocyanate, 2, 6-tolu 
enediisocyanate, 4,4‘-diphenylmethanediisocyanate, 3,3‘ 
dimethyldiphenyl-4,4‘-diisocyanate, 3,3‘-diethyldiphenyl-4, 
4‘-diisocyanate, and naphthalenediisocyanate; aliphatic or 
alicyclic diisocyanates such as isophoronediis ocyanate, 
hexamethylenediisocyanate, 4,4‘-dicyclohexlymethanedi 
isocayanate, hydrogenated xylenediisocyante, norborenen 
diisocyanate, and lysinediisocyanate, polyisocyanates such 
as buret products of more than one type of isocyanates and 
isocyanates-trimers of the above isocyanates; and polyiso 
cyanates obtained by the esteri?cation reaction of the above 
isocyanate With various polyols. 
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[0069] Examples of polyols used to produce polyisocyan 
ates include, for example, (poly)alkylene glycols such as 
(poly)ethylene glycol, (poly)propylene glycol, (poly)buty 
lene glycol, and (poly)tetramethylene glycol; alkylenegly 
cols modi?ed by ethyleneoxide, propyleneoxide, butyle 
neoxide, tetrahydrofuran, e-caprolactone, y-butylolactone, 
o-valerolactone or methylvalerolactone, such as ethylene 
glycol, propanediol, propylene glycol, tetramethylene gly 
col, pentamethylene glycol, hexanediol, neopentyl glycol, 
glycerin, trimethylolpropane, pentaerythritol, diglycerin, 
ditrimethylolpropane, and dipentaerythritol; aliphatic poly 
ols such as copolymers of ethyleneoxide and propyleneox 
ide, copolymers of propylene glycol and tetrahydrofuran, 
copolymers of ethylene glycol and tetrahydrofuran, poly 
isoprene glycol, hydrogenated polyisoprene glycol, polyb 
utadiene glycol and hydrogenated polybutadiene glycol, 
aliphatic polyester polyols obtained by esteri?cation reac 
tions betWeen aliphatic dicarboxylic acids such as adipic 
acid and dimeric acid With polyols such as neopentyl glycols 
and methylpentanediol; aromatic polyester polyols obtained 
by esteri?cation reactions betWeen aromatic dicarboxylic 
acids such as terephthalic acid With polyols such as neopen 
tyl glycol; polycarbonatepolyols; acrylpolyols; polyhydric 
alcohols such as polytetramethylenehexaglyceryl ether 
(hexaglycerin modi?ed by tetrahydrofuran); mono- or poly 
hydric compounds having of the above compounds having 
ether group at a terminal; polyhydric compounds obtained 
by esteri?cation of the compounds having polyhydroxyl 
groups With dicarboxylic acids such as fumaric acid, 
phthalic acid, isophthalic acid, itaconic acid, adipic acid, 
sebacic acid, and maleic acid; compounds containing poly 
hydroxyl group such as monoglyceride obtained by trans 
esteri?cation reactions of compounds having polyhydroxyl 
groups such as glycerin With ester of fatty acids of animals 
or plants. 

[0070] Epoxy(meth)acrylates capable of being used 
together in the active energy curable composition of the 
present invention is a general term for (meth)acrylate 
obtained by a reaction of epoxides having more than one 
functional group and (meth)acrylic acids. Epoxides as the 
raW material of epoxy(meth)acrylate includes, for example, 
but are not limited to, epichlorhydrin-modi?ed-hydroge 
nated bisphenol-type epoxy resin, synthesiZed by (methyl 
)epicholohydrin and compounds such as hydrogenated 
bisphenol A, hydrogenated bisphenol S, hydrogenated 
bisphenol F, and their modi?ed compounds With ethylene 
oxide or propylene oxide; alicyclic epoxy resins such as 3, 
4-epoxycyclohexylmethyl-3,4-epoxycyclo hexane carboxy 
late, bis-(3,4-epoxycyclohexyl) adipate; alicylic epoxides 
such as epoxy resin containing heterocycles such as trigly 
cidylisocyanurate, epichlorohydrin-modi?ed bisphenyl-type 
epoxy resins synthesiZed by a reaction of (methyl) epichlo 
rohydrin and a compound such as bisphenol A, bisphenol S, 
bisphenol F, and their modi?ed compounds With ethylene 
oxide or propyleneoxide; phenol Novolak type epoxy resins; 
cresol Novolak type epoxy resins; epoxy resins of diccylo 
pentadiene-modi?ed phenol resin obtained by the reaction of 
dicyclopentadiene and various types of phenol resins; an 
aromatic epoxidiZed compounds of 2, 2‘6,6‘-tetramethyl 
bisphenol; aromatic epoxides such as phenylglycidyl ether; 
(poly)glycidyl ethers of glycol compounds such as (poly 
)ethylene glycol, (poly)propylene glycol, (poly)butylene 
glycol, (poly)tetramethylene glycol, neopentyl glycol; 
(poly)glycidyl ether of glycols modi?ed With alkylene 
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oxide; (poly)glycidyl ethers of aliphatic polyhydric alcohols 
such as trirnethylolpropane, trirnethylolethane, glycerin, 
diglycerin, erythritol, pentaerythritol, sorbitol, 1,4-butane 
diol, 1,6-hexanediol; alkylene type epoxides of (poly) gly 
cidyl ether modi?ed of aliphatic polyhydric alcohols by 
alkylene; glycidylester of carboxylic acids such as adipic 
acid, sebacic acid, rnaleic acid, and itaconic acid; glycidyl 
ethers of polyesterpolyols of polyhydric alcohols With poly 
carboxylic acids; a copolyrner of glycidyl(rneth)acrylate or 
rnethglycidl(rneth) acrylate; glycidylester of higher fatty 
acids; aliphatic epoxy resins such as an epoxydiZed linseed 
oil, an epoxydiZed castor oil, and an epoxydiZed polybuta 
diene. 

[0071] (Poly)ether (rneth)acrylates capable of being used 
together in the active energy curable composition of the 
present invention include, for example, but are not limited 
to, aliphatic epoxy acrylates, rnonofunctional (poly)ether 
(rneth)acrylates such as butoxyethyl(rneth)acrylate, butox 
ytrietheylene glycol(rneth)acrylate, epichlorohydrin-rnodi 
?ed butyl(rneth)acrylate, 
dicyclopentanyloxyethyl(rneth)acrylate, 2-ethoxyethyl 
(rneth)acrylate, ethylcarbitol(rneth)acrylate, 2-rnethoxy 
(poly)ethylene glycol (rneth)acrylate, rnethoxy(poly)propy 
lene glycol (rneth)acrylate, nonylphenoxypolyethylene 
glycol (rneth)acrylate, nonylphenoxypolypropylene glycol 
(rneth)acrylate, phenoxyhydroxpropyl (rneth)acrylate, phe 
noxy(poly)ethylene glycol (rneth)acrylate, polyethylene gly 
col rnono(rneth)acrylate, polypropylene glycol 
rnono(rneth)acrylate; and polyethylene glycol, polypropy 
lene glycol rnono(rneth)acrylate; alkylene glycol 
di(meth)acrylates such as polyethylene glycol di(meth)acry 
late, polypropylene glycol di(rneth)acrylate, polybutylene 
glycol di(meth)acrylate, polytetrarnethylene glycol di(rneth) 
acrylate; polyfunctional (rneth)acrylates induced by (rneth 
)acrylic acid With aliphatic polyols such as a copolyrner of 
ethylene oxide and propylene oxide, a copolyrner of propy 
lene glycol and tetrahydrofuran, a copolyrner of ethylene 
glycol and tetrahydrofuran, polyisoprene glycol, hydroge 
nated polyisoprene glycol, polybutadieneglycol, hydroge 
nated poybutadiene glycol, polyfunctional (rneth)acrylates 
induced by acrylic acid With polyhydric alcohols such as 
polytetrarnethylenehexaglyceryl ether (tetrahydrofuran 
rnodi?ed hexaglycerin); di(meth)acrylates of diol obtained 
by addition of equirnolar or more than 1 mole of cyclic 
ethers such as ethylene oxide, propylene oxide, butylene 
oxide and/or tetrahydrofuran to 1 mole of neopentyl oxide; 
di(rneth) acrylates of alkylene-oxide rnodi?ed bisphenols 
such as bisphenol A, bisphenol F and bisphenol S; di(rneth) 
acrylate of alkylene oxide-rnodi?ed hydrogenated bisphe 
nols such as hydrogenated bisphenol A, hydrogenated 
bisphenol F, hydrogenated bisphenol S; di(meth)acrylates of 
alkylene oxide-rnodi?ed trisphenols; di(meth)acrylates of 
alkylene oxide-rnodi?ed hydrogenated trisphenols; 
di(meth)acrylates of alkylene oxide-rnodi?ed p, p‘-bisphe 
nols; di(meth)acrylates of alkylene oxide-rnodi?ed hydro 
genated bisphenols; di(meth)acrylates of alkylene oxide 
rnodi?ed p, p‘-dihydroxybenZophenones, rnono-, di- and 
tri-(rneth)acrylates of triols obtained by addition of equirno 
lar or more than 1 mole of ethylene oxide, propylene oxide, 
butylene oxide, and/or cyclic ethers such as tetrahydrofuran 
to 1 mole of trirnethylelolpropane or glycerin; rnono-, di-, 
tri- or tetraqrneth)acrylates obtained by addition of equirno 
lar or more than 1 mole to ethylene oxide, propylene oxide, 
butylene oxide, and/or cyclic ethers such as tetrahydrofuran 

Jun. 10, 2004 

to 1 mole of pentaerylthritol, ditrirnethylolpropane or highly 
alkoxylated trirnethylolpropane triacrylate; rnonofunctional 
(poly)ether (rneth)acrylates or polyfunctional (poly)ether 
(rneth)acrylates of polyhydric alcohols such as triol, tetraol, 
pentaol, or hexaol of rnono- or poly-(rneth)acrylates 
obtained by addition of equirnolar or more than 1 mole of 
ethylene oxide propylene oxide, butylene oxide, and/or 
cyclic ethers such as tetrahydrofuran to 1 mole of dipen 
taerythritol. Alkyl (rneth) acrylates or alkylene (rneth)acry 
lates Which can be used together in the active energy curable 
composition of the present invention include, for example, 
but are not limited to, rnonofunctional (rneth) acrylates such 
as rnethyl(rneth)acrylate, ethyl(rneth)acrylate, propyl 
(rneth)acrylate, isopropyl(rneth)acrylate, butyl(rneth)acry 
late, isobutyl(rneth)acrylate, pentyl(rneth)acrylate, isopen 
tyl(rneth)acrylate, neopentyl(rneth)acrylate, 
hexyl(rneth)acrylate, heptyl(rneth)acrylate, 2-ethylhexyl 
(rneth)acrylate, octyl(rneth)acrylate, isooctyl(rneth)acrylate, 
nonyl(rneth)acrylate, decyl(rneth)acrylate, dodecyl 
(rneth)acrylate, tridecyl(rneth)acrylate, pentadecyl 
(rneth)acrylate, rniristyl(rneth)acrylate, palrnityl(rneth)acry 
late, stearyl(rneth)acrylate, neryl(rneth)acrylate, 
geranyl(rneth)acrylate, farnecyl(rneth)acrylate, hexadecyl 
(rneth)acrylate, octadecyl rnethacrylate, docosyl(rneth)acry 
late, and trans-2-hexene(rneth)acrylate; di(meth)acrylates of 
aliphatic diols such as ethylene glycol di(meth)acrylate, 
propylene glycol di(meth)acrylate, 1,2-butylene glycol 
di(meth)acrylate, 1,3-butylene glycol di(meth)acrylate, 1, 
4-butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acry 
late, neopentyl glycol di(meth)acrylate, 2-methyl-1,8-oc 
tanediol di(rneth) acrylate 1, 9-nonanediol di(meth)acrylate, 
and 1,10-decanediol di(rneth) acrylate; rnono(rneth)acry 
lates or poly(rneth) acrylates of polyhydric alcohols such as 
trirnethylolpropane, (hereinafter, the term “poly”) is used as 
the general term of the polyfunctionals including di, tri, 
tetra, and poly compounds such as rnono(rneth)acrylate, 
di(meth)acrylate, and tri(rneth)acrylate of trirnetylolpro 
pane), and rnono(rneth)acrylates or poly(rneth) acrylates of 
polyhydric alcohols such as triol, tetraol and hexaol, for 
example, glycerin, pentaerythritol, ditrirnethylolopropane, 
and dipentaerythritol; (rneth)acrylates having hydroxyl 
groups such s 2-hydroxyethyl(rneth)acrylate, 2-hydroxypro 
pyl(rneth)acrylate, 4-hydroxybutyl(rneth)acrylate, 3-chloro 
2-hydroxyethyl(rneth)acrylate; (rneth)acrylates having bro 
rnine atorns such as 2, 3-dibrornopropyl(rneth)acrylate, 
tribornophenyl(rneth)acrylate, etheylene oxide-rnodi?ed tri 
bornophenyl(rneth)acrylate, ethylene oxide-rnodi?ed tetra 
brornobisphenol A di(meth)acrylate; (rneth)acrylates having 
?uorine atorns such as tri?uoroethyl(rneth)acrylate, pen 
ta?uoropropyl(rneth)acrylate, tetra?uoropropyl(rneth)acry 
late, octa?uoropentyl(rneth)acrylate, dodeca?uoroheptyl 
(rneth)acrylate, hexadeca?uorononyl(rneth)acrylate, 
hex?uorobutyl(rneth)acrylate, 3-per?urobutyl-2-hydrox 
ypropyl(rneth)acrylate, 3-per?urohexyl-2-hydroxypropyl 
(rneth)acrylate, 3-per?uorooctyl-2-hydroxypropyl 
(rneth)acrylate, 3-(per?uro-5-rnethylhexyl)-2 
hydroxypropyl(rneth)acxrylate 3-(per?uro-7-rnethyloctyl) 
2-hydroxypropyl(rneth)acrylate, and 3-(per?ouro-8 
rnethyldecyl)-2-hydroxypropyl(rneth)acrylate. 

[0072] (Meth)acrylates having arornatic groups Which can 
be used together in the active energy curable composition of 
the present invention include, for example, but are not 
limited to, rnonofunctional (rneth)acrylates such as phenyl 
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(rneth)acrylate, benZylacrylate; and di (rneth)acrylates such 
as bisphenol A diacrylate, bisphenol F diacrylate, bisphenol 
S diacrylate. 

[0073] (Meth)acrylates having alicyclic groups Which can 
be used together in the active energy curable composition of 
the present invention include, for example, but are not 
limited to, rnonofunctional (rneth)acrylates having alicyclic 
structures such as cycloheXyl(rneth)acrylate, cyclopentyl 
(rneth)acrylate, cycloheptyl(rneth)acrylate, bicycloheptyl 
(rneth)acrylate, isobornyl(rneth)acrylate, bicyclopentyi 
di(rneth)acrylate, tricyclodecyl (rneth)acrylate, 
bicyclopentenyl (rneth)acrylate, norbornyl(rneth)acrylate, 
bicyclooctyl(rneth)acrylate, tricycloheptyl(rneth)acrylate, 
and cholesterol skeleton-substituted (rneth)acrylate; 
di(rneth)acrylates of hydrogenated bisphenols such as 
hydrogenated bisphenol A, hydrogenated bisphenol F, 
hydrogenated bisphenol S, di(rneth)acrylates of hydroge 
nated trisphenols such as hydrogenated trisphenols and 
di(rneth)acrylates of hydrogenated p, p‘-bisphenols; poly 
functional(rneth)acrylates having cyclic structures such as 
dicyclopentane type di(rneth)acrylate such as “Kayarad 
R684” (available from Nihon Kayaku Co., Japan), tricyclo 
decane dirnethyloldi(rneth)acrylate, bisphenol?uorene dihy 
droXy(rneth)acrylate; and alicyclic acrylates having oxygen 
atoms and/or nitrogen atoms such as tetrahydrofurfuryl 
(rneth)acrylate, and rnorpholinoethyl(rneth)acrylate. 

[0074] As compounds having acryloyl groups or rneth 
acryloyl groups Which can be used together in the active 
energy curable composition of the present invention, it is 
possible to use, beside the above recited compounds, for 
example, poly(rneth)acryl(rneth)acrylates such as a reaction 
product of (rneth)acrylic acid polymer and glycidyl (rneth 
)acrylate, and a reaction product of glycidyl(rneth)acrylate 
polymer and (rneth)acrylic acid; (rneth)acrylate having 
amino groups such as dirnethylarninoethyl(rneth)acrylate; 
isocyanul (rneth)acrylates such as tris((rneth)acryloXyethyl) 
isocyanurate; phosphagene(rneth)acrylate such as heXakis 
[(rneth)acryloyloXyethyl)cyclotriphosphage n];(rneth)acry 
late having the skeleton of polysiloXane; polybutadien 
e(rneth)acrylate; and rnelarnine(rneth)acrylate. Among these 
compounds having acryloyl or rnethacryloyl groups, it is 
preferable to use the compounds having 1 to 6 acryloyl or 
rnethacryloyl groups. 

[0075] (Meth)acrylarnide derivatives, Which can be used 
together in the active energy curable composition of the 
present invention, include, for example, rnonofunctional 
(rneth)acrylarnides such as N-isopropyl(rneth)acrylarnide 
and polyfunctional (rneth)acrylarnides such as rnethylenebi 
s(rneth) acrylarnide. 

[0076] Cornpounds having vinyl ether groups Which can 
be used together in the active energy curable composition of 
the present invention can be classi?ed into, but are not 
limited to, the folloWing groups, in Which: an alkyl vinyl 
ether having a terminal group substituted With at least one 
selected from the group consisting of a hydrogen atom, a 
halogen atom, a hydroXyl group, and an amino group; a 
cycloalkyl vinyl ether having a terminal group substituted 
With at least one selected from the group consisting of a 
hydrogen atom, a halogen atom, a hydroXyl group and an 
amino group; at least one vinyl ether selected from the group 
consisting of a rnonovinyl ether, a divinyl ether, and a 
polyvinyl ether in Which a vinyl ether group is connected 
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With alkylene group; and in Which a vinyl ether group is 
connected With at least one group With and Without sub 
stituent selected from the group consisting of alkyl group, 
cycloalkyl group, and aromatic group, via at least one 
linkage selected from the group consisting of an ether 
linkage, an urethane linkage, and an ester linkage. 

[0077] Alkylvinyl ethers Which can be used together in the 
active energy curable cornposition includes, for example, 
but are not limited to, methyl vinyl ether, hydroXyrnethyl 
vinyl ether, chlorornethyl vinyl ether, ethyl vinyl ether, 
2-hydroXyethylvinylether, 2-chloroethylvinylether, diethyl 
arninoethyl vinyl ether, propyl vinyl ether, 3-hydroXypropyl 
vinyl ether, 2-hydroXpropyl vinyl ether, 3-chloropropyl 
vinyl ether, 3-arninopropyl vinyl ether, isopropyl vinyl ether, 
butyl vinyl ether, 4-hydroXybutyl vinyl ether, isobutyl vinyl 
ether, 4-arninobutyl vinyl ether, pentyl vinyl ether, isopentyl 
vinyl ether, heXyl vinyl ether, 1,6-heXanediol rnonovinyl 
ether, heptyl vinyl ether, 2-thlheXyl vinyl ether, octyl vinyl 
ether, isooctyl vinyl ether, nonyl vinyl ether, isononyl vinyl 
ether, decyl vinyl ether, isodecyl vinyl ether, dodecyl vinyl 
ether, isododecyl vinyl ether, tridecyl vinyl ether, isotridecyl 
vinyl ether, pentadecyl vinyl ether, isopentadecyl vinyl 
ether, heXadecyl vinyl ether, octadecyl vinyl ether, rnethyl 
ene glycol divinyl ether, ethylene glycol divinyl ether, 
propylene glycol divinyl ether, 1,4-butanediol divinyl ether, 
1, 6-heXanediol divinyl ether, cycloheXanediol divinyl ether, 
trirnethylolpropane trivinyl ether, pentaerythritol tetravinyl 
ether and heXanedioic acid, bis{4-ethenyloXy)butyl} ester. 

[0078] Cycloalkyl vinyl ethers Which can be used together 
in the active energy curable composition of the present 
invention includes, for example, but are not limited to, 
cyclopropyl vinyl ether, 2-hydroXycyclopropyl vinyl ether, 
2-chlorocyclopropyl vinyl ether, cyclopropylrnethyl vinyl 
ether, cyclobutyl vinyl ether, 3-hydroXycyclobutyl vinyl 
ether, 3-chlorocyclobutyl vinyl ether, cyclobutylrnethyl 
vinyl ether, cyclopentyl vinyl ether, 3-hydroXycyclopentyl 
vinyl ether, 3-chlorocyclopentyl vinyl ether, cyclopentylrn 
ethyl vinyl ether, cycloheXyl vinyl ether, 4-hydroXcyclo 
heXyl vinyl ether, cycloheXylrnethyl vinyl ether, 4-arninocy 
cloheXyl vinyl ether, cycloheXanediol rnonovinyl ether, 
cycloheXanedirnethanol rnonovinyl ether, and cycloheX 
anedirnethanol divinyl ether. 

[0079] Among compounds Which may be used together in 
the active energy curable composition of the present inven 
tion including rnonovinyl ether, divinyl ethers, and polyvi 
nyl ethers, in Which the vinyl ether linkage connects With an 
alkylene group and at least one group selected from a group 
consisting of a C2-C24 alkyl group, a C2-C24 alicyclic group 
and a C2-C24 arornatic group Which may have a substituent 
connects With a linkage selected from a linkage consisting of 
an ether linkage, an urethane linkage, and an ester linkage, 
examples of the compounds containing an ether linkage, for 
example, but are not limited to, ethylene glycol rnethyl vinyl 
ether, diethylene glycol rnonovinyl ether, diethylene glycol 
rnethylvinyl ether, diethylene glycol divinyl ether, triethyl 
ene glycol rnonovinyl ether, triethylene glycol rnethylvinyl 
ether, triethylene glycol divinyl ether, polyethylene glycol 
rnonovinyl ether, polyethylene glycol rnethylvinyl ether, 
polyethylene glycol divinyl ether, propylene glycol rneth 
ylvinyl ether, dipropylene glycol rnonovinyl ether, dipropy 
lene glycol rnethylvinyl ether, dipropylene glycol divinyl 
ether, tripropylene glycol rnonovinyl ether, tripropylene 
glycol rnethylvinyl ether, tripropylene glycol divinyl ether, 
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polypropylene glycol monovinyl ether, polypropylene gly 
col methylvinyl ether, polypropylene glycol divinyl ether, 
tetramethylene glycol methylvinyl ether, di(tetramethylene 
glycol) monovinyl ether, di(tetramethylene glycol) methyl 
vinyl ether, di(tetramethylene glycol) divinyl ether, tri(tet 
ramethylene glycol) monovinyl ether, tri(tetramethylene 
glycol) methylvinyl ether, tri(tetramethylene glycol)divinyl 
ether, poly(tetramethylene glycol)monovinyl ether, poly(tet 
ramethylene glycol) methylvinyl ether, poly(tetramethylene 
glycol) divinyl ether, 1, 6-hexanediolmethyl vinyl ether, 
di(hexamethylene glycol)monovinyl ether, di(hexamethyl 
ene glycol) methylvinyl ether, di(hexamethylene glycol) 
divinyl ether, tri(hexamethylene glycol) monovinyl ether, 
tri(hexamethylene glycol) methylvinyl ether, tri(hexameth 
ylene glycol) divinyl ether, poly(hexamethylene glycol) 
monovinyl ether, poly(hexamethylene glycol) methylvinyl 
ether, poly(hexamethylene glycol) divinyl ether. 

[0080] Among compounds classi?ed in the above having 
vinyl ether linkages, the compounds having urethane linkage 
may be obtained by the urethanating reaction betWeen a 
monovinyl ether of (poly)alkylene glycol having at least one 
hydroxyl group in one molecule and a compound having at 
least one isocyanate group in one molecule. Among these 
compounds, the monovinyl ether of (poly)alkylene glycol 
include at least one hydroxyl group in a molecule, for 
example, 2-hydroxyethyl vinyl ether, diethylene glycol 
monovinyl ether, polyethylene glycol monovinyl ether, 
3-hydroxpropryl vinyl ether, 2-hydroxy-2-methylethyl vinyl 
ether, dipropylene glycol monovinyl ether, polypropylene 
glycol monovinyl ether, 4-hydroxybutyl vinyl ether, and 
1,6-hexanediol monovinyl ether. 

[0081] On the other hand, compounds having at least one 
isocyanate group in one molecule include, for example, 
aromatic diisocyanates such as m-isopropenyl-ot, ot-dimeth 
ylbenZylisocyanate, p-phenylenediisocyanate, m-phe 
nylenediisocyanat, p-xylenediisocyanate, m-xylenediisocy 
anate, 2, 4-toluenediisocyanate, 2,6-toluenediisocyanate, 4, 
4‘diphenylmethanediioscyanate, 3,3‘-diethlydiphenyl-4, 
4‘diisocyanante, 3, 3‘-dimethyldiphenyl, 4,4‘-diisocyanate, 
naphthalenediisocyanate; and aliphatic and alicyclic isocy 
anates such as propylisocyanate, isophoronediisocyanate, 
hexamethylenediisocyanate, 4, 4‘ dicylohexylmethanediiso 
cyanate, hydrogenated xylenediisocyanate, norbornenedi 
isocyanate, lysindiisocyanate. 

[0082] It is also possible to use isocyanate compounds 
such as dimers or trimers comprising more than one of these 
isocyanate monomers, and to use adduct compounds 
obtained by urethanating reactions betWeen isocyanate com 
pounds containing more than 2 isocyanate groups in one 
molecule and various alcohols. 

[0083] Various alcohols can be used for obtaining adduct 
products, if the alcohol contains at least one hydroxyl group. 
Although there is no limitation, it is preferable to use an 
alcohol With an average molecular Weight of less than 
100,000. Examples of such alcohols include, for example, 
methanol, ethanol, propanol, isopropanol, butanol, isobu 
tanol, ethylene glycol, 1,3-propylene glycol, 1,2-propylene 
glycol, diethylene glycol, dipropylene glycol, neopentyl 
glycol, 1,3-butanediol, 1, 4-butanediol, 1,6-hexanediol, 1,9 
nonanediiol, 1,10-decanediol, 2, 2‘, 4-trimethyl-1,3-pen 
tanediol, 3-methyl-1,S-pentanediol, dicholoroneopentyl gly 
col, dibromoneopentyl glycol, neopentylglycol 
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hydroxypivalate, cyclohexanendimethylol, 1,4-cyclohex 
anediol, spiro glycol, tricyclodecanedimethylol, hydroge 
nated bisphenol A, ethylene oxide-modi?ed bisphenol A, 
propylene oxide modi?ed bisphenol A, dimethylol propionic 
acid, dimethylol butanoic acid, trimethylol ethane, trimethy 
lolpropane, glycerin, 3-methyl-pentane-1, 3, S-triol, tris(2 
hydroxy thyl)isocyanurate. Polyester-polyols, polyether 
polyols, polycarbonate-polyols may be used for obtaining 
adduct products. These alcohols can be used alone or in 
combinations of tWo or more. 

[0084] Polyester-polyols obtained by reactions of the 
above polyol components and carboxylic acids may be used 
in preparing the adduct products. In regards to carboxylic 
acids, any conventional carboxylic acids or anhydrides 
thereof may be used. Examples of these carboxylic acids 
include, for example, maleic acid, fumaric acid, itaconic 
acid, citraconic acid, tetrahydrophthalic acid, hettic acid, 
chlorendick acid, dimeric acid, adipic acid, succinic acid, 
alkenylsuccinic acid, sebacic acid, aZelaic acid, 2, 2, 4-tri 
methyladipic acid, 1,4-cyclohexanediacarboxylic acid, 
terephthalic acid, 2-sodiumsulfoterephthalic acid, 2-potassi 
umsulfoterephthalic acid, isophthalic acid, S-sodiumsul 
foisphthalic acid, 5-potassiumsulfoisophthalic acid; 
di-loWer alkylester of 5-sodium-sulfoisophthalic acid such 
as dimethyl-or diethylesters of 5-sodium-sulfoisophthalic 
acid; orthophthalic acid, 4-sulfophthalic acid, 1, 10-decam 
ethylenecarboxylic acid, muconic acid, oxalic acid, malonic 
acid, glutaric acid, trimellitic acid, hexahydrophthalic acid, 
tetrabromophthalic acid, methylcyclohexenetricarboxylic 
acid or pyromellitic acid, anhydrides thereof and ester 
compounds of these acids With alcohols such as methanol 
and ethanol. It is also possible to use lactone-polyols 
obtained by the ring-opening reaction betWeen e-caprolac 
tam and the above-described polyols. 

[0085] In regard to polyether polyols, conventional poly 
ether polyols can be used in obtaining adduct products. 
Examples of such polyether-polyols are, for example, but 
are not limited to, ether glycols such as polytetramethylene 
glycol, propylene oxide-modi?ed polytetramethylene gly 
col, ethylene oxide-modi?ed polytetramethylene glycol, 
polypropylene glycol, polyethylene glycol, and polyether 
polyols obtained by ring-opening reactions of cyclic ethers 
by use of more than three functional polyols as an initiator. 

[0086] Polycarbonate polyols used in adduct products are 
obtained by the transesteri?cation reactions of carbonates 
and various polyols. Examples of carbonates are, for 
example, but are not limited to, diphenylcarbonate, bischlo 
rophenyl-carbonate, di naphtylcarbonate, phenyl-tolyl-car 
bonate, phenyl-chlorophenyl-carbonate, and 2-tolyl-4-tolyl 
carbonate; diaryl-or dialkyl-carbonates such as 
dimethylcarbonate and diethylcarbonate. Examples of poly 
ols, Which can be used in the above reaction, include the 
alcohols, polyols, polyester polyols, and polyether polyols 
described above. 

[0087] Compounds having ester linkages classi?ed in 
vinyl ether groups can be obtained by the esteri?cation 
reaction of monovinyl ether of alkylene glycol having at 
least one hydroxyl group in a molecule With a compound 
having at least one carboxyl group in a molecule. 

[0088] Examples of monovinyl ether of alkylene glycol 
having at least one hydroxyl group in a molecule are the 
same compounds as recited as components of the above 
compounds having urethane bonds. 
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[0089] It is possible to use Well-known carboxylic acids 
and anhydride thereof for the compounds having at least one 
carboxyl group in a molecule. Examples of the compound 
having at least one carboxyl group in a molecule include, for 
example, but are not limited to, formic acid, acetic acid, 
propionic acid, valeic acid, benZoic acid, maleic acid, 
fumaric acid, itaconic acid, citraconic acid, tetrahydro 
phthalic acid, hettic acid, chlorendic acid, dimeric acid, 
adipic acid, succinic acid, alkenylsuccinic acid, sebacic acid, 
aZelaic acid, 2, 2‘ 4-trimethyladipic acid, 1, 4-cyclohex 
anedicarboxyl acid, terephthalic acid, 2-sodiumsulfotereph 
thalic acid, 2-potassiumsulfoterephthalic acid, isophthalic 
acid, 5-sodium-sulfoisophthalic acid, 5-potassiumsul 
foisophthalic acid, di-loWer-alkylesters of S-sodium-sul 
foisophthalic acid such as dimethyl-or diethyl-esters of 
5-sodium-sulfoisophthalic acid, orthophthalic acid, 4-sul 
fophtalic acid, 1,10-decamethylenedicaboxylic acid, 
muconic acid, oxalic acid, malonic acid, glutaric acid, 
trimellitic acid, hexahydrophthalic acid, tetrabromophthalic 
acid, methylcyclohexenetricarboxylic acid or pyromellitic 
acid, and anhydrides of these compounds. In addition, 
carboxyl acids obtained by reactions betWeen compounds 
having more than tWo carboxylic groups and various alco 
hols, Which are used as component among compounds 
having urethane linkages, and Which is used in obtaining 
adduct products of isocyanate. 

[0090] Vinyl carboxylate derivates, Which can be, used 
together in the active energy curable compositions include, 
for example, vinyl acetate and vinyl cinnamate. Styrene 
derivatives include, for example, styrene and divinyistyrene. 

[0091] Unsaturated polyester Which can be used together 
in the active energy curable composition include, for 
example, maleates such as dimethylmaleate and diethyl 
maleate; fumarates such as dimethylfumarate and diethyl 
fumarate; and esteri?cation products of unsaturated poly 
carboxylic acids such as maleic acid and fumaric acid and 
polyhydric alcohols. 

[0092] Unlimited combinations of one or more of any 
compounds can be used, Without being limited to the com 
pounds described herein before and those represented by 
general Formula (1) as curable compounds Which can be 
used together in the active energy curable composition of the 
present invention. HoWever, the compounds must copoly 
meriZable With the maleimide derivates described herein. 

[0093] The phrase “Water compatible” is used herein to 
describe compounds that are partially or substantially Water 
dilutable, Water soluble and/or capable of forming a Water 
emulsion or dispersion With the energy curable composition 
herein. 

[0094] HoWever, in the case Where the energy curable 
compositions are used to formulate coatings, it is preferred 
that the particular Water compatible compound be compat 
ible With both the Water and maleimide derivates in order to 
avoid any phase separation or precipitation of one or more 
of the components. While not Wishing to be bound by theory, 
the Water compatible resin compounds used for coating 
applications Work best if they possess functional groups 
Which are compatible With Water on one hand and functional 
groups Which are compatible With the maleimide derivatives 
on the other. 

[0095] Although there is no particular limitation in the 
ratio of maleimide derivatives represented by Formula (1) to 
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those maleimide derivatives When both maleimide deriva 
tives are used together are used together in the active energy 
curable composition containing maleimide derivates, it is 
preferable to select the ratio of maleimide derivatives other 
than these represented by Formula (1) equal or less than 95% 
by Weight and more preferably equal or less than 90% by 
Weight. 
[0096] Although there is no limitation in the ratio of a 
compound having acryloyloxy or methacryloyloxy groups 
to the maleimide derivatives represented by Formula (1), 
When used in the active energy curable composition of the 
present invention containing maleimide derivates, it is pref 
erable to use the compound having acryloyloxy or meth 
acryloyloxy groups such that 100 parts by Weight of the 
compounds having acryloyloxy or methacryloyloxy groups 
constitutes a ratio of equal or more than 5 parts by Weight of 
maleimide derivatives represented by formula (1), and, more 
preferably, the ratio of equal or more than 20 parts by Weight 
from the point of vieW of the curing speed. 

[0097] When a compound having vinyl ether groups is 
used together in the active energy curable composition 
containing maleimide derivatives of the present invention, 
there is no limitation on the ratio to be incorporated in the 
composition. HoWever, it is preferable to use the compound 
having vinyl ether groups such that 100 parts by Weight of 
the compound having vinyl ether groups constitutes a ratio 
of equal or more than 5 parts by Weight of maleimide 
derivatives represented by Formula (1), and the use of 
equimolar amount of a vinyl ether group to a maleimide 
group is more preferable from points of vieW of the curing 
speed and a cured ?lm property. 

[0098] The active energy curable compositions of the 
present invention have intrinsic spectral sensitivity ranging 
from 200 to 400 nm, and it is possible to polymeriZe same 
under an irradiation of ultraviolet or visible light Within a 
range of 180 to 500 nm, even Without use of a photoinitiator. 
It Was observed that lights having Wavelengths at 254 nm, 
308 nm, 313 nm, and 365 nm are effective in curing of the 
active energy curable composition of the present invention. 
It is also possible to cure or polymeriZe the present active 
energy curable composition by light other than the ultravio 
let light and by heat. In addition, it is possible to cure the 
present active energy curable composition in air and/or an 
inert gas. Various energy cure sources such as thermal, 
ultraviolet light, infrared and visible light may be used, for 
example, a loW-pressure-mercury lamp, a high-pressure 
mercury lamp, an ultrahigh pressure-mercury lamp, a metal 
halide lamp, a chemical lamp, a black-light lamp, a mercury 
xenon lamp, an excimer lamp, a short-arc lamp, a helium 
cadmium laser, an argon laser, an excimer laser and sunlight. 

[0099] Although the active energy curable compositions 
of the present invention can be cured under irradiation of 
ultraviolet light or visible light, in the absence of a photo 
initiator, conventional photoinitiators may nonetheless be 
used for polymeriZation. The photoinitiators may be classi 
?ed into tWo groups; one is an intramolecular-bond-cleavage 
type and the other is an intramolecular-hydrogen-abstraction 
type. 

[0100] Examples of the intramolecular-bond-cleavage 
type photoinitiators include, for example, acetophenones 
such as diethoxyacetophenone, 2-hydroxy-2-methyl-1-phe 
nylpropane-l-one, benZyldimethylketal, 1-(4-isopropylphe 
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nyl)-2-hydroxy-2-methylpropan-1-one, 4-(2-hydroxy 
lethoxy)phenyl-(2-hydroxy-2-methylpropyl)ketone, 4-(2 
hydroxyethoxy)phenyl-2-hydroxy-2-propyl)ketone, 
1‘-hydroxycyclohexyl-phenylketone, 2-methyl-2-mor 
pholino(4-thiomethylphenyl)propan-1-one, and 2-benZyl-2 
dimethylamino-144-morpholinophenyl)-butanone; benZoins 
such as benZoin, benZoinmethyl ether, benZoinisopropyl 
ether; acylphosphine oxides such as 2,4,6-trimethylbenZoin 
diphenylphosphine oxides; benZyl and methylphenyl-glyox 
yester. 

[0101] Examples of intramolecular-hydrogen abstraction 
type photoinitiators include, for example, benZophenones 
such as benZophenone methyl-4-phenylbenZophenone 
o-benZoylbenZoate, 4, 4‘dichlorobenZophenone, hydroxy 
benZophenone, 4-benZoyl-4‘-methyl-diphenysul?de, 
acrylic-benZophenone, 3, 3‘, 4,4‘-tetra(t-butylperoxycarbon 
yl)benZophenone, 3,3‘-dimethyl-4-methoxybenZophenone; 
thioxanthones such as 2-isopropyl-thioxanthone, 2,4-dim 
ethylthioxanthone, 2,4-diethyl-thioxanthone, 2, 4-dichlo 
rothioxanthone; aminobenZophenones such as Michler’s 
ketone, 4, 4‘-diethylaminobenZophenone; 10-butyl-2-chlo 
roacridone, 2-ethylanthraquinone, 9, 10 phenanthrene 
quinone and camphorquinone. 

[0102] It is preferable to add the photoinitiator to the 
active energy curable composition Within a range of 0.01 to 
10.00% by Weight. 

[0103] Although the active energy compositions of the 
present invention can be cured by irradiation of ultraviolet, 
it is also possible to use a sensitiZer for efficient curing. 

[0104] Examples of such sensitiZer are, for example, 
amines such as triethanolamine, methyldiethanolamine, tri 
isopropanolamine, methyl 4-dimethylaminobenZoate, ethyl 
4-dimethyl-aminobenZoate, isoamyl 4-dimethylaminoben 
Zoate, (2-dimethyl-amino)ethyl benZoate, (n-butyoxy) ethyl 
4-dimethylaminobenZoate, and 2-ethylhexyl 4-dimethy 
laminobenZoate. It is preferable to add the sensitiZer to the 
active energy curable composition Within a range of 0.01 to 
10.00% by Weight. 

[0105] It is possible to further use together, if necessary 
additives such as non-reactive compounds, inorganic ?llers, 
organic ?llers, coupling reagents, adhesive reagents, anti 
foaming reagent, leveling reagents, plasticiZers, antioxi 
dants, ultraviolet-absorbers, ?ame retardants, pigments, 
dyes and paints. 

[0106] Examples of the non-reactive compounds Which 
are usable together in the active energy curable composition 
include, for example, but are not limited to, liquid or solid 
ligomers or resins With a loW reactivity or non-reactivities 
such as, alkyl (meth)acrylate copolymer, epoxy resins, liquid 
polybutadiene, liquid polybutadiene derivatives, liquid chlo 
roprene, liquid polypentadiene, dichloropentadiene deriva 
tive, saturated polyester oligomer, polyether oligomer, 
acrylic oligomer, liquid polyamide, polyisocyanate oligo 
mer, xylene resin, acrylic resin, ketone resin, petroleum 
resin, rosin resin, ?uorinate-type oligomer, silicone type 
oligomer polysul?de oligomers. 
[0107] Inorganic and organic ?llers are generally used for 
improving mechanical properties such as strength, cushion 
ing and slipping properties. 

[0108] Any conventional ?llers may be used if the ?llers 
are compatible With the Water containing composition and 
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do not harm the characteristics of the resin including curing. 
Inorganic ?llers Which maybe use used include, for example 
but are not limited to, silicone dioxide silicon oxide, cal 
cium, carbonate, calcium silicate, magnesium carbonate, 
magnesium oxide, talc, kaoline clay, calcined clay, Zinc 
oxide, Zinc sulfate, aluminum hydroxide, aluminum oxide, 
glass, mica, barium sulfate, alumina White, Zeolite, silica 
spherules, and glass spherules. It is possible to add halogen 
groups, epoxy groups, hydroxyl groups and thiol groups to 
these ?llers by addition or by the reaction With various 
coupling reagents such as a silane coupling reagent, a 
titanate-type coupling reagent, an aluminum-type coupling 
reagent, a Zirconate-type couple reagent, and the like. 

[0109] Conventional organic ?llers Which may be used 
include for example, but are not limited to, a benZoguan 
amine resin, a silicone resin, a loW-density polyethylene, a 
high-density polyethylene, a polyole?n resin, ethylene-acry 
late copolymer, polystyrene, cross linking polystyrene, poly 
divinylbenZene, styrene-divinylbenZene copolymer, acrylic 
copolymer, cross-linking acrylic resin, polymethyl 
methacrylate resin, vinylidene-chloride resin, ?uororesin, 
nylon 12, nylon 11, nylon 6/66, phenolic resin, epoxy resin, 
urethane resin, and polyimide resin. It is possible to add 
halogen groups, epoxy groups, hydroxyl groups and thiol 
group to these organic ?llers. 

[0110] Example of coupling reagents Which can be used 
together in the active energy curable composition of the 
present invention include, for example, but are not limited 
to, silane coupling reagents such y-glycidoxypropyltri 
methoxysilane, and y-chloropropyltrimethoxysilane, titanate 
coupling reagents such as tetra (2,2-diarloxymethyl-1-butyl) 
bis(ditridecyl) phosphitetitanate, and bis(dioctylpyro 
phophate) ethylenetitanate; aluminum coupling reagents 
such as acetoalkoxyaluminumdiiosopropylate, Zirconium 
coupling agents such as acethylacetone-Zirconium complex 
and the like. 

[0111] Regarding additives such adhesive reagents, anti 
foaming reagents, leveling reagents, ?oW reagents, plasti 
ciZers, antioxidants, ultraviolet-absorbers, ?ame retardants, 
pigments, dyes, and paints, any corresponding conventional 
additives may be used together, Without any limitation, in 
the active energy curable composition of the present inven 
tion, if the additives are compatible With the Water contain 
ing composition and do not harm the characteristics of the 
resin including the curing property. 

[0112] In order to obtain the active energy curable com 
position of the present invention, the aforementioned com 
ponents may be mixed, the mixing order or mixing method 
are not limited. 

[0113] It is substantially not necessary to use a solvent in 
the active energy curable composition of the present inven 
tion. HoWever, for diluting the active energy curable com 
position of the present invention, it may possible to use 
conventional and generally knoWn solvents including 
ketones such as methylethylketone and methylisobutylke 
tone; acetates such as ethyl acetate and butyl acetate, aro 
matic hydrocarbons such as benZene, toluene and xylene; 
and alcohols such as methanol, ethanol, isopropyl alcohol, 
butanol and Water. 

[0114] The active energy curable composition of the 
present invention is advantageously applicable for surface 
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?nishing, binders, plastic materials, molding materials, 
laminate plates, adhesives, bonding materials, and ink; coat 
ing materials for metals such as aluminum, iron and copper; 
coating materials for plastics such as vinyl chloride, acryls, 
polycarbonate, polyethyleneterephthalate, and acryloni 
trilebutadienestyrene copolymer, polyethylene, and polypro 
pylene; coating materials for ceramics such as glass; coating 
materials for other material such as Wood, paper, printing 
paper and ?bers. 

[0115] The active energy curable composition of the 
present invention forms a cured ?lm Without a photoinitiator 
under irradiation of light. Since this active energy curable 
composition of the present invention does not general odor 
during curing and the cured ?lm of this composition does not 
incur yelloWing and odor, and an amount of elution from this 
cured ?lm is quite loW, the present composition can be 
advantageously applied to a ?eld of inks such as lithographic 
ink, ?exo-ink, gravure ink and screen ink and to ?elds of 
gloss varnish, paper coating Wood painting, beverage can 
coating, printing, soft package coating, adhesives for printed 
papers and laminates, lavel coating, printing ink or adhe 
sives, thermosensible paper, printing ink or coating for 
thermosensible paper, food package coating, printing ink, 
adhesives and binders, Which are directly contacted With a 
consumer. 

[0116] The folloWing examples illustrates speci?c aspects 
of the present invention and are not intended to limit the 
scope thereof in any respect and should not be so construed. 
In the examples, all parts are by Weight unless otherWise 
indicated. The relationship of parts by Weight to parts by 
volume is as that of kilograms to liters. 

[0117] In the examples, the energy curable compositions 
Were coated on opacity charts (uncoated Leneta N2A, avail 
able from Leneta Corporation, MahWah, N.J.) using a #3 
Mayer rod having a thickness of 7.5 microns. The ultraviolet 
radiation energy cure source Was provided using a conveyor 
type unit With a medium pressure mercury lamp of variable 
light intensities (eg 120, 200, 300 Watts per inch (Wpi) 
available from Fusion Aetek, Rockville Md.) at conveyor 
speeds varying from 100 to 200 feet per minute (fpm). At 
200 Wpi and 100 fpm the ultraviolet exposure dose Was 228 
mJ/cm2, measured using a radiometer (UV PoWer Puck, 
PoWer Puck is a Registered Trademark of EIT Incorporated, 
Va.). This dose is normally suf?cient to produce a commer 
cially viable ?lm. The surface harness of the coating Was 
empirically measured by scratching the surface With a 
human nail. The re?ective gloss of the cured ?lm Was 
measured at 600 using a glossmeter (Micro-Gloss 60, avail 
able from BYK-Gardner Incorporated, Md.). The solvent 
resistance of the cured ?lm Was measured by the surface 
With a cotton tipped applicator soaked in methyl ethyl 
ketone (MEK), isopropyl alcohol or Water until the substrate 
Was exposed. The number of rubs, ie one stroke back and 
forth across a surface, Were recorded. A coating exhibiting 
10 rub MEK resistance, for example, Was considered to be 
commercially feasible. 

EXAMPLE 1 

Synthesis Example 

[0118] Glycine (37.5 g) and acetic acid (400 ml) Were 
admixed then a solution of maleic anhydride (49.0 g) and 
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acetic acid (300 ml) Was added dropWise over 2 hours under 
stirring. The reaction Was continued for 1 hour and the 
precipitate that formed Was ?ltered off and recrystalliZed 
from a 70% aqueous methanol solution. To this product (102 
g), triethylamine (40.4 g), and toluene (500 ml) Were added 
and the mixture Was reacted for 1 hour While stirring under 
re?ux to remove the evolved Water. The residue, obtained by 
removing toluene from the reaction mixture, Was acidi?ed to 
a pH of 2 With 0.1 N HCl, extracted 3 times With ethyl 
acetate (100 ml) and dried With magnesium sulfate. The 
ethyl acetate Was then evaporated under pressure and the 
residue Was recrystalliZed from Water, Whereby pale yelloW 
crystals of maleimidoacetic acid (11 g) Were obtained. 1H 
NMR (300 MHZ, DMSO-dG): 7.0 ppm (s, 2H, —C=C—); 
4.1 ppm (s, 2H, —CH2—); IR: 3170 cm_1(—COOH); 1750 
cm_1; 1719 cm_1(C=0); 831 cm_1; 696 cm-1 (—C=C—); 
Elemental analysis (CHN): Calcd. C:46.5%; H:3.87%; 
N:9.03%; Found C:46.2%; H:4.05%; and N:8.70%. 

[0119] Maleimidoacetic acid (6.8 g), polytetramethylene 
glycol (10 g, MW of 250, tradename PolyTHF 250, avail 
able from BASF Corporation, Japan), p-toluenesulfonic acid 
(1.2 g), 2,6-tert-butyl-p-cresol (0.06 g), and toluene (15 ml) 
Were added together and reacted at 80° C. for 4 hours under 
reduced pressure (240 torr). The mixture Was stirred and the 
Water formed during the reaction Was removed. The reaction 
mixture Was then dissolved in toluene (200 ml) and Washed 
3 times With a saturated sodium hydrogen carbonate aqueous 
solution (100 ml) and a saturated sodium chloride aqueous 
solution (100 ml). The toluene Was then removed under 
reduced pressure and a maleimide derivative (16 g) having 
the structure beloW Was obtained. 

0 

0 

EXAMPLE 2 

Synthesis Examples 

[0120] Glycine (37.5 g) and acetic acid (400 ml) Were 
admixed then a solution of maleic anhydride (49.0 g) and 
acetic acid (300 ml) Was added dropWise over 2 hours under 
stirring. The reaction Was continued for 1 hour and the 
precipitate that formed Was ?ltered off and recrystalliZed 
from a 70% aqueous methanol solution. To this product (102 
g), triethylamine (40.4 g), and toluene (500 ml) Were added 
and the mixture Was reacted for 1 house While stirring under 
re?ux to remove the evolved Water. The residue, obtained by 
removing toluene from the reaction mixture, Was acidi?ed to 
a pH of 2 With 0.1 N HCl, extracted 3 times With ethyl 
acetate (100 ml) and dried With magnesium sulfate. The 
ethyl acetate Was then evaporated under reduced pressure 
and the residue Was recrystalliZed from Water, Whereby pale 
yelloW crystals of maleimidoacetic acid (11 g) Were 
obtained. 1H NMR (300 MHZ, DMSO-dG): 7.0 ppm (s, 2H, 
—C=C—); 4.1 ppm (s, 2H, —CH2—) IR: 3170 cm'1 
(—COOH); 1750 cm_1; 1719 cm'1 (C=O) 831 cm'li 696 
cm-1 (—C=C—); Elemental analysis (CHN): Calcd. 
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C:46.5%; H:3.87%; N:9.03%; Found C:46.2%; H:4.05%; 
and N:8.70%. Maleimidoacetic acid (6.8 g) pentaerythritol 
modi?ed by 4 moles of ethylene oxide (4.1 trade name 
PNT-40 Mn:490, MW:530, available from Nippon Emulsi 
fying Agent Co., Ltd., Japan), p-toluenesulfonic acid (1.2 g), 
2,6-tert-butyl-pcresol (0.06 g), and toluene (15 ml) Were 
added together and reacted at 80° C. for 4 hours under 
reduced pressure (240 15 torr). The mixture Was stirred and 
the Water formed during the reaction Was removed. The 
reaction mixture Was then dissolved in toluene (200 ml) and 
Washed 3 times With a saturated sodium hydrogen carbonate 
aqueous solution (100 ml) and a saturated sodium chloride 
aqueous solution (100 ml). 

[0121] The toluene Was then removed under reduced pres 
sure and a maleimide derivative (18 g) having the structure 
beloW Was obtained 
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EXAMPLE 3 

[0122] An aliphatic epoxy acrylate resin (55 Wt. %, 
Laromer 8765, available from BASF, Mt. Olive, N] was 
combined With Water (8.5 Wt. %). Next, a maleimide as 
prepared in Example 1 (36 Wt. %) Was added. A polyether 
siloxane additive (0.5 Wt. %, Glide 440, available from Tego 
Chemie, Va.) Was then added to produce suf?cient flow 
properties. The curing, solvent resistance, gloss and surface 
hardness properties of the coating as described above Were 
then evaluated. The results are shoWn in Table 1. 

EXAMPLE 4 

Comparative 

[0123] The maleimide prepared in Example 1 (84.5 Wt. %) 
Was added to Water (15 Wt. %). Apolyether siloxane additive 
(0.5 Wt. %, Glide 440, available from Tego Chemie, Va.) Was 
then added to produce suf?cient flow properties. The energy 
curing properties of the coating could not be evaluated 
because the Water and maleimide Were found to be incom 
patible and no ?lm Was produced. 

EXAMPLE 5 

[0124] An aliphatic epoxy acrylate resin (58 Wt. %, 
Laromer 8765, available from BASF, Mt. Olive, N] was 
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combined With Water (13.6 Wt. %). Next, a photoinitiator, 
4-(2hydroxylethoxy) phenyl-(2-Hydroxy-2-methylpropyl) 
ketone Was added (3 Wt. %, Irgacure 2959, available from 
Ciba-Geigy, A polysiloxane additive (0.4 Wt. %, 
DC57, available from DoW Chemical, Midland, Mich.) Was 
then added to produce suf?cient flow properties. Finally, the 
maleimide prepared in Example 1 (25 Wt. %) Was then 
added. The curing, solvent resistance, gloss and surface 
hardness properties of the coating described above Were then 
evaluated. The results are shoWn in Table 1. 

EXAMPLE 6 

[0125] An aliphatic epoxy acrylate resin (50 Wt. %, 
Laromer 8765, available from BASF, Mt. Olive, N] was 
combined With Water (17 Wt. %). The maleimide prepared in 
Example 1 (17 Wt. %, MIA250) Was then added along With 
isopropyl alcohol (15.5 Wt. %). Apolyether siloxane addi 
tive (0.5 Wt. %, Glide 440, available from Tego Chemie, Va.) 
Was then added to produce suf?cient flow properties. The 
composition Was irradiated at three different doses. The 
curing, solvent resistance, gloss and surface hardness prop 
erties of the coating for each dose as described above Were 
then evaluated. The results are shoWn in Table 1. 

EXAMPLE 7 

[0126] A Water dilutable aliphatic urethane acrylic resin 
(25 Wt. %, Ebecryl 2001, available from UCB Radcure, Ga.) 
Was combined With Water (49.5 Wt. %). The maleimide 
prepared in Example 1 (25 Wt. %, MIA 250) Was added 
along With a polyether siloxane additive (0.5 Wt. %, Glide 
440 available from Tego Chemie, Va.) to produce suf?cient 
flow properties. The composition Was irradiated at tWo 
different doses. The curing, solvent resistance, gloss and 
surface hardness properties of the coating described above 
Were then evaluated. The results are shoWn in Table 1. 

EXAMPLE 8 

[0127] Ahighly alkoxylated trimethylolpropane triacycry 
late resin (61 Wt. %, SR 9035, available from Sartomer, Pa.) 
Was combined With Water (24 Wt. %). The maleimide 
prepared in Example 1 (14.5 Wt. %) Was added. Apolyether 
siloxane additive (0.5 Wt. %, Glide 440, available from Tego 
Chemie, Va.) Was then added to produce suf?cient flow 
properties. The composition Was irradiated at tWo different 
doses. The curing, solvent resistance, gloss and surface 
hardness properties of the coating described above Were then 
evaluated. The results are shoWn in Table 1. 

EXAMPLE 9 

[0128] An aliphatic epoxy acrylate resin (57 Wt. %, 
Laromer 8765, available from BASF, Mt. Olive, N] was 
combined With Water (10.5 Wt. %). A vinyl ether, hex 
anedioic acid, bis(4-ethenyloxy)butylester (10.5 Wt. %, 
VEX 4060, available from Allied Signal, N.J.) Was then 
added. A maleimide as prepared in Example 1 (21.5 Wt. %) 
Was then added along With a polysiloxane additive (0.5 Wt. 
%, DC57, available from DoW Chemical, Midland, Mich.) 
to produce suf?cient flow properties. 

[0129] The composition Was irradiated at tWo different 
doses. The curing, solvent resistance, gloss and surface 
hardness properties of the coating described above Were then 
evaluated. The results are shoWn in Table 1. 
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EXAMPLE 10 

Comparative 
[0130] A vinyl ether, hexanedioic acid, bis(4-ethenyloxy) 
butyl)ester (67 Wt. %, VEX 4060, available from Allied 
Signal, N] was added to Water (11 Wt. %). The maleimide 
prepared in Example 1 (21.5 Wt. %), Was added along With 
a polyether siloxane additive (0.5 Wt. %, DC57, available 
from DoW Chemical, Midland, Mich.) to produce suf?cient 
?oW properties. The energy curing properties of the coating 
could not be evaluated because the Water and maleimide 
Were found to be incompatible and no ?lm Was formed. 

EXAMPLE 11 

[0131] An aliphatic epoxy acrylate resin (72 Wt. %, 
Laromer 8765, available from BASF, Mt. Olive, N] was 
combined With Water (16 Wt. %). The maleimide prepared in 
Example 2 (11.2 Wt. %, MIA-PE4EO) Was then added. A 
polyether siloxane additive (0.8 Wt. %, Glide 440, available 
from Tego Chemie, Va.) Was then added to produce suf?cient 
?oW properties. The curing, solvent resistance, gloss and 
surface hardness properties of the coating described above 
Were then evaluated. The results are shoWn in Table 1. 

EXAMPLE 12 

Comparative 

[0132] A maleimide prepared in Example 2 (84.5 Wt. %, 
MIA-PE4EO) Was added to Water (15 Wt. %). A polyether 
siloxane additive (0.5 Wt. %, Glide 440, available from Tego 
Chemie, Va.) Was then added to produce suf?cient ?oW 
properties. The energy curing properties of the coating could 
not be evaluated because the Water and maleimide Were 
found to be incompatible and no ?lm Was produced. 

TABLE 1 

Cure 60O Solvent Solvent 
Exam- Rate Surface Gloss Rubs Rubs 

ple (mJ/cm2) Hardness (%) (Water) 

3 228 Excellent 85-90 65 >200 
5 228 Excellent 92 40-44 >200 
6 125 Very good 85-88 8 50 
6 209 Very good 88-90 12-15 70 
6 254 Excellent 88-90 38 >200 
7 228 Good 80-82 45 N.A. 
7 607 Very good 80-82 75 N.A. 
8 204 Fair 65-70 3 8 
8 305 Good 65-70 5 19 
9 228 Very good 86-87 9 31 
9 456 Excellent 87-88 31 66 

11 228 Fair 86 26 80 

[0133] The data in Table 1 shoWs several characteristics of 
the Water compatible energy curable compositions of the 
present invention. The dose required to cure the composition 
Was similar to that used to cure conventional energy curable 
materials. The surface hardness and gloss of the cured ?lms 
Were comparable to commercial coatings using photoinitia 
tors. The solvent rubs of the cured compositions Were typical 
of the results that Would be achieved With a similar com 
position containing commercial photoinitiators and resins. 
This is by exempli?ed by Example 3 Wherein the cure rate 
doses of 228 mJ/cm2 represents a conveyor speed of 100 fpm 
and 200 Wpi lamp intensity, represent a commercially prac 
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tical amount of energy delivered to cure the composition. 
Examples 3 and 7 depict gloss values greater than 80, Which 
are indicative of a high commercial grade gloss. Example 3 
depicts solvent rubs of 65 With MEK and greater than 200 
With Water. These values are typically higher than those 
shoWn for conventional commercial coatings cured under 
similar conditions. Example 6 shoWs that by doubling the 
curing dose, from 125 to 254 mJ/cm2, for the energy curable 
compositions of the present invention, one can improve its 
?lm properties, such as surface hardness, gloss and crosslink 
density as measured by solvent resistance and illustrated by 
an increase in MEK solvent rubs from 8 to 38. Example 9 
shoWs a similar increase in solvent rubs, from 9 to 31 MEK 
rubs and 31 to 66 Water rubs. Although a higher cure rate 
dose Was required, it Was still Within the range for commer 
cial curing. 

[0134] The present invention has been described in detail, 
including the preferred embodiments thereof. HoWever, it 
Will be appreciated that those skilled in the art may make 
numerous variations or modi?cations of the embodiments 
that fall Within the scope and spirit of the invention as set 
forth in the folloWing claims. 

What is claimed: 
1. A method for curing an active single phase Water 

compatible actinic radiation curable composition, compris 
ing: irradiating a Water compatible non emulsion, non dis 
persing compound, Water, and a maleimide derivative of the 
formula: 

n 111 

wherein n and m each independently represent an integer 
of 1 to 5, and the total of m and n is 6 or smaller; 

R11 and R12 each independently represent a linking group 
selected from the group consisting of an alkylene 
group, an alicyclic group, an arylalkylene group, and a 
cycloalkylalkyene group; 

G1 and G2 each represent an ester linkage selected from 
the group consisting of —COO— and —OCO—; 

and R2 represents a linking chain having an average 
molecular Weight of 100 to 100,000 selected from the 
group consisting of (poly)ether (poly)ester linking 
chains, or mixtures thereof in Which at least one organic 
group selected from straight or branched chain alkylene 
group, straight or branched chain alkylene group hav 
ing a hydroxyl group, alicyclic group, aryl group, 
arylalkylene group, and a cycloalkylalkyene group 
connected via at least one linkage selected from the 
group consisting of an ether or ester linkage. 

2. The method according to claim 1 Wherein said Water 
compatible compound is selected from the group consisting 
of acrylate resins; methacrylate resins; acrylic dispersions; 
urethane resins; vinyl alcohols such as ethylene vinyl alco 



US 2004/0110859 A1 

hol and ethylene vinyl alcohol; vinyl alcohol copolyrners 
such as ethylene vinyl alcohol copolyrner; polysaccharides; 
polysucrose; and glucose. 

3. The method according to claim 1 Wherein the need to 
dry the actinic radiation curable cornposition prior to irra 
diation is eliminated. 

4. The method according to claim 1 Wherein the need to 
dry the actinic radiation curable cornposition after irradia 
tion is eliminated. 
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5. The method according to claim 1 Wherein R2 of the 
rnaleirnide derivative is a (poly)ether or (poly)ester linking 
chain, having a molecular Weight of greater than 200. 

6. The method according to claim 2 further comprising 
adding a compound copolyrneriZable With the said rnaleirn 
ide derivative and Water compatible cornpound. 


